A study of the performance of office workers descending multiple flights of stairs in high rise office buildings in trial evacuations by MacLennan, HA
A STUDY OF THE PERFORMANCE OF 
OFFICE WORKERS DESCENDING MULTIPLE 
FLIGHTS OF STAIRS IN HIGH RISE OFFICE 
BUILDINGS IN TRIAL EVACUATIONS 
 
 
 
 
 
 
HAMISH A. MACLENNAN 
 
 
 
 
 
 
 
 
 
 
Volume I of II 
 
 
 
 
 
 
 
 
Ph.D Thesis        2013
 
 
A STUDY OF THE PERFORMANCE OF 
OFFICE WORKERS DESCENDING MULTIPLE 
FLIGHTS OF STAIRS IN HIGH RISE OFFICE 
BUILDINGS IN TRIAL EVACUATIONS 
 
 
 
 
 
 
 
Thesis submitted as partial fulfilment of Doctor of Philosophy 
University of Salford 
School of the Built Environment 
 
 
Prepared by: 
Hamish A.MacLennan 
 
 
 
 
 
2013 
 
 
 
 
Volume I of II 
 
 iii
Table of Contents  
 
Table of Contents ............................................................................. iii 
List of Figures and Illustrations for Volumes I & II .................. xiv 
List of Tables for Volumes I & II ................................................. xix 
Acknowledgements ......................................................................... xxi 
Declaration ..................................................................................... xxii 
Abstract ......................................................................................... xxiii 
Chapter 1: The Research Problem, Questions, Aim and 
Objectives ............................................................................................ 1 
1.1 Introduction ................................................................................................ 1 
1.2 The Research Problem ............................................................................... 1 
1.2.1 Buildings increasing in height – does this require greater  effort? ............. 1 
1.2.2 Emergency preparedness and health and safety – evacuation  drills? ........ 2 
1.2.3 The individual office worker, questions of age and physical  condition to 
 complete trial evacuations. ......................................................................... 3 
1.2.4 The extrinsic factors – the stairs and the surrounding stairwell ................. 5 
1.2.5 Others on the stairs at the same time – the group ....................................... 6 
1.2.6 The Emerging Research Problem ............................................................... 6 
1.2.7  Conclusion ................................................................................................ 7 
1.3 Research Questions, Aim and Objectives .................................................. 7 
1.3.1 Aim............................................................................................................. 7 
1.3.2 Objectives: ................................................................................................. 8 
1.3.3 Research Questions .................................................................................. 10 
 iv
1.4 Framework for reviewing the literature and directing the research. ........ 12 
1.5 Summary of Research Process and Method ............................................. 13 
1.6 Thesis contents ......................................................................................... 23 
Chapter 2 – Literature Review ....................................................... 26 
2.1 Introduction .............................................................................................. 26 
2.2 Overview .................................................................................................. 27 
2.3 Literature Sources .................................................................................... 31 
2.4 Health Science Literature ......................................................................... 32 
2.4.1 Office Workers and their associated activity levels ................................. 32 
2.4.2 The Individual – legal obligations of the building owner and the employer.
  .................................................................................................................. 34 
2.4.2 The Individual – general issues in functional ability and imitations. ....... 35 
2.5 The Individual – Co-morbidities .............................................................. 46 
2.5.1 Obesity ..................................................................................................... 47 
2.5.2 Musculo-skeletal ...................................................................................... 47 
2.5.3 Cardio-vascular ........................................................................................ 48 
2.5.4 Vision ....................................................................................................... 49 
2.5.5 The vestibular system and stability or balance ......................................... 51 
2.6 Others on the Stairs (Group) .................................................................... 53 
2.6.1 Group formation, dynamics and cohesion in general ............................... 53 
2.6.2 Altruism ................................................................................................... 55 
2.6.3 Merging behaviour ................................................................................... 56 
2.6.4  Can groups constrain flow or is it just the number of people? ................ 58 
2.6.5 Risk of Groups to their Members ............................................................. 60 
2.7 Stairs – Environment and Construction. .................................................. 61 
2.7.1 Stair geometry and pitch .......................................................................... 61 
 v 
2.7.2 Step legibility ........................................................................................... 64 
2.7.3 Surrounding environment......................................................................... 65 
2.7.4 Structural and dimensional integrity ........................................................ 65 
2.7.5 Temperature and ventilation .................................................................... 66 
2.7.6 Signage and Symbols ............................................................................... 66 
2.7.7 Handrails and balustrades (guards) .......................................................... 67 
2.7.8 Minimum width of stairs .......................................................................... 71 
2.7.9 Slip resistance .......................................................................................... 72 
2.8 Management and maintenance. ................................................................ 72 
2.8.1 The inclusive approach ............................................................................ 72 
2.8.2 Emergency response planning and strategy ............................................. 73 
2.8.3 Maintenance ............................................................................................. 75 
2.9  Synthesis of the Literature review and development of  the knowledge 
 gap. ........................................................................................................... 75 
2.9.1 Derivation of the Root Cause Analysis Model ......................................... 79 
2.9.2    The Intrinsic Factor (Individual) .............................................................. 80 
2.9.3    Others on the stairs – The Group. ............................................................ 81 
2.9.4 The stairs (construction) and their environment – extrinsic       factor .... 82 
2.9.5 Management and Maintenance – extrinsic factors ................................... 83 
2.9.6 The Knowledge Gap ................................................................................ 84 
2.10 Summary and Conclusion ........................................................................ 87 
Chapter 3: Research Philosophy and Methodology ..................... 88 
3.1 Introduction .............................................................................................. 88 
3.2 Research Philosophy ................................................................................ 89 
3.3 The Case Study Research Strategy .......................................................... 96 
3.3.1 Overview .................................................................................................. 96 
 vi
3.3.2 Case Study Process Design .................................................................... 101 
3.3.3 Time Horizons ........................................................................................ 105 
3.3.4 Data Collection and Analysis Overview ................................................ 105 
3.3.5 Reliability of Research Process Design. ................................................ 111 
3.4 The PhD Case Study Method and Description....................................... 116 
3.5 The Exploratory case study .................................................................... 119 
3.5.1 History .................................................................................................... 119 
3.5.2 Exploratory Case Study Method ............................................................ 123 
3.6 2008 – 2010 Case Study (Embedded Explanatory Case  Studies) ......... 132 
3.6.1 Selection ................................................................................................. 132 
3.6.2 The Delphi Group (Embedded Explanatory Study) ............................... 134 
3.6.3 Content Analysis Studies (Embedded Explanatory Study ..................... 138 
3.6.4 Focus Group Studies (Embedded Explanatory Study) ........................... 142 
3.7 2008-2010 Case Study – Trial Evacuations Study ................................. 151 
3.7.1 Introduction ............................................................................................ 151 
3.7.2 Trial Evacuation Organisation and Process ........................................... 153 
3.7.3 Data Analysis of Observations ............................................................... 158 
3.7.4 The 2008-2010 Trial Evacuation Survey ............................................... 160 
3.7.5 2008-2010 Case Study - Triangulation .................................................. 169 
3.8 Ethical Approval .................................................................................... 173 
3.9 Conclusions ............................................................................................ 173 
Chapter 4 - Case Study Particulars .............................................. 175 
4.1 Introduction ............................................................................................ 175 
4.1.1  Generally ............................................................................................... 178 
4.1.2 General Building Selection Criteria for Exploratory and 2008-2010 case 
studies..................................................................................................... 180 
 vii
4.1.3 Structure of Chapter 4 ............................................................................ 180 
4.2  The 1980 – Exploratory Case Study ..................................................... 181 
4.2.1 Adelaide, South Australia ...................................................................... 181 
4.2.2 Melbourne, Victoria ............................................................................... 187 
4.2.2 Sydney, New South Wales ..................................................................... 191 
4.2.3 Brisbane, Queensland (Exploratory Case Study Exemplar   Buildings for 
 2008-2010 case study)............................................................................ 195 
4.3 Author based case studies ...................................................................... 201 
4.3.1 Christchurch Earthquake Evacuation ..................................................... 201 
4.3.2 Author Case Study – Assisted evacuation on stairs ............................... 205 
4.4 The 2008-2010 Case Study – Building Particulars ................................ 207 
4.4.1 Building M1: PDSA Cycle 1 – Christchurch, NZ, 10 storeys. .............. 209 
4.4.2 Building M2: PDSA Cycle 1 - 36 storeys in UAE. ................................ 212 
4.4.2 Building M4: PDSA Cycle 2 – 26 storeys – Wellington, NZ ................ 218 
4.4.4 Building M3: PDSA Cycle 2 – 19 storeys – Manchester UK. ............... 222 
4.4.5 Building M5: PDSA Cycle 3 – IPAQ .................................................... 226 
4.4.5 Building M6: PDSA Cycle 3 – IPAQ – 34 storeys, Sydney, Australia. 229 
4.5 Summary and Conclusion ...................................................................... 237 
4.5.1 Building seclection and details ............................................................... 237 
4.5.3 Analysis and Results of trial evacuations ............................................... 238 
Chapter 5: The Exploratory Case Study ..................................... 241 
5.1 Introduction ............................................................................................ 241 
5.2 The Exploratory Case Study and the 1980 Data-set. ............................. 243 
5.2.1 Limitations of the Exploratory Case Study for Analysis of Results. ..... 243 
5.2.2 The 1980 Data-set .................................................................................. 245 
5.2.3 Structure of Exploratory Case Study ...................................................... 246 
 viii
5.3 Part One: Content Analysis of 1977 Health and Welfare Canada Study 247 
5.4 Part Two of the Exploratory Case Study – Restructure  and  Analysis         
 of data from the 1980 Data-set. .............................................................. 253 
5.4.1 Extrinsic One: Stair Environment and Location .................................... 255 
5.4.2 Extrinsic Two: The Stairs....................................................................... 256 
5.4.4 Extrinsic Four: Density and Others ........................................................ 261 
5.4.5 Extrinsic Five: Delays and Others .......................................................... 264 
5.4.6 Extrinsic Six – Group Formation and Behaviour ................................... 264 
5.4.7 Intrinsic One: Confidence ...................................................................... 265 
5.4.8  Intrinsic Two: Functional Limitations ................................................... 266 
5.4.9 Fatigue and distance ............................................................................... 269 
5.4.10 Conclusion for Part Two: Exploratory Case Study. ............................... 270 
5.5 Discussion of Parts One and Two of the Exploratory Case  Study  . Results.
  ................................................................................................................ 271 
5.5.1 The Individual Occupant ........................................................................ 271 
5.5.2 Stairs (Environment and Construction ................................................... 276 
5.5.3 You and Others (Group) – Extrinsic ...................................................... 280 
5.5.4 Management and Maintenance – Extrinsic ............................................ 282 
5.6 Summary and Conclusion ...................................................................... 283 
Chapter 6: Results and outcomes for the 2008-2010 Case Study 
Explanatory Studies (Content Analysis, Delphi and Focus 
Groups) ............................................................................................ 286 
6.1 Introduction: ........................................................................................... 286 
6.2 Coding Regime used for Sections 6-4 to 6.7 .......................................... 288 
6.3 Delphi Group Results ............................................................................. 289 
6.3.1 The US Delphi Sub Group Results ........................................................ 293 
 ix
 Intrinsic Groupings: ............................................................................... 293 
 Extrinsic Groupings ............................................................................... 293 
6.3.2 UK Delphi Sub Group ............................................................................ 293 
6.3.3 Discussion of Delphi Group Outcomes .................................................. 295 
6.4 Content Analysis Study 1 – WTC 9/11 incident (Dwyer and Flynn,  2004).
  ................................................................................................................ 297 
6.5 Content Analysis Number 2 – NY Times Blog and  Comparison with 
 Content Analysis Number 1. .................................................................. 300 
6.5.1 Content Analysis Number 2 ................................................................... 300 
6.5.2 Analysis of Content Studies 1 and 2. ..................................................... 304 
6.5.3 Concluding Remarks on Context Analysis Discussion .......................... 314 
6.6 The Focus Group Studies 1: Benchmark BMI Focus  Group ................ 315 
6.6.1 Introduction ............................................................................................ 316 
6.6.2 Results  From Observations and Dictaphone Recordings ...................... 318 
6.6.3 BMI Benchmark Survey and Discussion Results .................................. 326 
6.7 Focus Group Study 2 – Fuller Figure ..................................................... 329 
6.7.1 Introduction ............................................................................................ 329 
6.7.2 Results – Coding of Initial Comments ................................................... 330 
6.7.3 Individual (YOU) Core Consistency ...................................................... 333 
6.7.4 The Group (YOU & OTHERS) Core Consistency ................................ 335 
6.7.5 The “STAIRS” Core Consistency .......................................................... 336 
6.7.6 Management and Maintenance Core Consistency ................................. 337 
6.8 Mature Age Focus Group Study ............................................................ 338 
6.8.1 Results - Initial Comment Schedules ..................................................... 338 
6.8.2 The Individual (You) Core Consistency ................................................ 342 
6.8.3 The Group (You and Others) Core Consistency .................................... 344 
 x
6.8.4 The STAIRS Core Consistency ............................................................. 344 
6.8.5 Management and Maintenance Core Consistency. ................................ 345 
6.9 Discussion of Results from BMI and Focus Group Studies 1 and 2. ..... 346 
6.9.1 Overview ................................................................................................ 346 
6.9.2 The Individual (You) Core Consistency ................................................ 348 
6.9.3 Group (You and Others) Core Consistency ........................................... 351 
6.9.4 The STAIRS Core Consistency ............................................................. 352 
6.9.5 Management and Maintenance Core Consistency ................................. 354 
6.10 Summary of the Findings from Chapters 5 and 6 .................................. 355 
6.10.1:  Table 6-22: The Individual Core Consistency ....................................... 356 
6.10.2: Table 6-23: The Group (You and Others) Core Consistency ................. 358 
6.10.3: Table 6-24: Integrated Results Summary for “Stair Construction and 
 Design” Core Consistency (Extrinsic Factor)  .............................. 360 
6.10.4: Table 6-25: Integrated Results Summary for “Management and 
 Maintenance” Core Consistency (Extrinsic Factor)  ................ 362 
6.11 Summary and Conclusion ...................................................................... 363 
6.11.1 Aim......................................................................................................... 363 
6.11.2 Individual performance and intrinsic factors ......................................... 364 
6.11.3 Extrinsic factors ..................................................................................... 365 
6.11.4 Application to the 2008-2010 Trial Evacuation Case Study .................. 366 
Chapter 7: Results and Discussions 2008-2010 Case Study and 
Comparison with Chapters 5 and 6. ............................................. 367 
7.1 Introduction ............................................................................................ 367 
7.1.2 Co-ordination with Appendix A7 ........................................................... 369 
7.1.3 Hierarchy of Survey Results and Presentation Pattern ........................... 370 
7.1.4 Presentation of Video and Observed Data ............................................. 373 
 xi
7.1.5 Presentation of Measured Data and Results ........................................... 374 
7.2 2008-2010 Case Study – Descriptive Statistics – Results and  .. Discussion.
  ................................................................................................................ 376 
7.2.1 Overview ................................................................................................ 376 
7.2.2 The Individual – Descriptive Statistics .................................................. 385 
7.2.3 The STAIRS – Descriptive Statistics ..................................................... 391 
7.2.4 You and Others (Group)......................................................................... 396 
7.2.5 Management and Maintenance – Statistical Analysis ............................ 399 
7.3 Relationships drawn from Correlations.................................................. 401 
7.3.1 Factor Analysis – Aggregated Data ....................................................... 407 
7.3.2 Intra correlation relationships ................................................................ 412 
7.3.3 Inter- correlations for core consistency relationships ............................ 415 
7.3.4 Further discussion of correlations .......................................................... 416 
7.4 2008-2010 Case Study Survey Results and Discussion – Risk of Falls  . and 
 Estimated Descent Capability. ............................................................... 417 
7.4.1 Incorporation of falling risk measures ................................................... 417 
7.4.2 Ironing out the Complexity of Estimated Capability  (Regression  
 Analysis) ................................................................................................ 420 
7.4.3 Estimated Descent Capability M1-M4 ................................................... 424 
7.4.4 Estimated Descent Capability M5-M6 ................................................... 424 
7.5 Comparison with Output from Studies in Chapters 5 and 6................... 425 
7.5.1 Longitudinal Comparison (Chapter 5) ................................................... 426 
7.5.2 Further analysis of core consistencies or classifications using results from 
 Chapter 6 ................................................................................................ 433 
7.5.3 Author based Case Studies ..................................................................... 438 
7.6 Triangulation .......................................................................................... 443 
 xii
7.6.1 Introduction ............................................................................................ 443 
7.6.2 Triangulation from measured data analysis ........................................... 444 
7.6.3 Core Consistency Observations and Comments from Video Data Set. . 450 
7.6.4 Triangulation Schedules – The Individual and Groups .......................... 459 
7.6.5 Triangulation/ pattern matching between STAIR and  Individual 
 Functional Limitations. .......................................................................... 462 
7.7 Conclusion ............................................................................................. 465 
7.7.1 The Aim and 2008 – 2010 Case Study ................................................... 465 
7.7.2 Specifics on triangulation ....................................................................... 466 
7.7.3 The Conetxtual factors: .......................................................................... 472 
7.7.4 Summary for Findings ............................................................................ 476 
Chapter 8: Conclusions and the Future ....................................... 477 
8.1 Introduction ............................................................................................ 477 
8.2 Summary ................................................................................................ 478 
8.3 Was the Aim Delivered? ........................................................................ 480 
8.4 What are the significant findings? .......................................................... 484 
8.4.1 The meaning of significant ..................................................................... 484 
8.4.2 Achievement of Objectives .................................................................... 486 
8.4.3 Additional “Spinal” or Causational Findings ......................................... 493 
8.4.4 Highly significant correlational relationships ........................................ 494 
8.4.5 Reasonably significant correlational relationships ................................. 498 
8.4.6 Moderately significant and other qualitative relationships .................... 500 
8.4.7 STAIR – Design Parameters from Focus Group Consensus .................. 504 
8.4.8 Other than stairs? ................................................................................... 506 
8.5 Contribution to the Body of Knowledge ................................................ 507 
8.6 Study Limitations ................................................................................... 508 
 xiii
8.6.1 Scope of Study ....................................................................................... 508 
8.6.2 Methodology .......................................................................................... 510 
8.6.3 Construct Reliability .............................................................................. 511 
8.6.4 Representative sampling ........................................................................ 511 
8.6.5 Assumed outcomes? ............................................................................... 511 
8.6.6 Methods of Analysis .............................................................................. 512 
8.6.7 Interpretation .......................................................................................... 513 
8.7 Further Research and the Future ............................................................ 514 
8.7.1 Further Research .................................................................................... 514 
8.7.2 The Future .............................................................................................. 514 
Chapter 9: References.................................................................... 516 
Appendices for Chapters 3-8 may be found in Volume Three 
 xiv
List of Figures and Illustrations for Volumes I and II 
Figure 1-1 Framework for Interrogating the Research Literature 
where the outcome reflects the Aim of the Research 
  13 
Figure 1-2 Research Process for PhD Study   14 
Figure 1-3 Selection of Buildings from the 1980 Study   15 
Figure 1-4 Selection of 2008-2010 Case Study Buildings   17 
Figure 2-1 Assessments of a work disability requires knowledge 
about the demands of the worker role and the functional 
limitations of the worker as an individual. 
  35 
Figure 2-2 Walking speeds, age and walking ability   37 
Figure 2-3  Health conditions or impairments vs. walking speed   38 
Figure 2-4 BMI vs. walking speed    41 
Figure 2-5 System for maintaining stability – the inter 
relationships 
  42 
Figure 2-6 Example of 3 phases of stair descent   44 
Figure 2-7 Traces of Occupant Movement Showing Mixing and 
Merging at Entry to Stairs 
  57 
Figure 2-8 Idealised sequential evacuation commencing at ground 
floor with stair wardens allowing first person into stair 
once the last person from the floor below has started to 
descend 
  57 
Figure 2-9 Speed vs density - slow mover comparison    59 
Figure 2-10 Definition of Going and Nosing Projection   62 
Figure 2-11 Safe stair pitch and comparison table   63 
Figure 2-12 Line of Vision to the tread   64 
Figure 2-13 Summary of literary review that establishes the 
knowledge gap 
  78 
Figure 2-14 Relationship between distance and speed   85 
Figure 3-1 The Research Onion   91 
Figure 3-2 Research Approach: Deductive vs. Inductive   92 
Figure 3-3 The Elements of the Research Process used in the PhD 
Study 
  95 
Figure 3-4 Setting the replication of research method and data 
collection/ analysis by the selection of cases and the 
time span of study. 
  97 
Figure 3-5 Generic PhD case study process chart 101 
Figure 3-6 Ishikawa Chart as a framework 104 
Figure 3-7 Check for convergence of evidence in PhD Study 114 
Figure 3-8 Case Study Process – Section 3.4 118 
Figure 3-10 SPSS V2-1 Printout Example 123 
Figure 3-11 Explanatory study of Delphi Group composition and 
process 
135 
   
 xv 
Figure 3-12 Delphi Group Two Tier Development of RCA Ishikawa 
Chart 
137 
Figure 3-13 Classification Framework of Core Consistencies and 
Coding Categories 
139 
Figure 3-14 Stair One Building M6 146 
Figure 3-15 Diagrammatic Plan View of Stair One Christchurch 
Building 
147 
Figure 3-16 Range of building heights for 2008-2010 Trial 
Evacuation Study 
153 
Figure 3-17 Typical fixing and mounting for video cameras and 
camcorders in PDSA Cycles 2 and 3 
156 
Figure 3-18 Typical descent chart where X and Y axis units are 
shown 
159 
Figure 3-19 Typical dog-leg stair showing how distance is measured 
between storeys 
159 
Figure 3-20 Plan Do Check Act Cycle for Improvement through 
Case Study Process 
161 
Figure 3-21  Process of Data Analysis and Triangulation 169 
Figure 4-1 Range of building heights for Exploratory case study 176 
Figure 4-2 Range of building heights for 2008-2010 case study  177 
Figure 4-3 Linkage of Case Studies Comprising the PhD Case 
Study 
178 
Figure 4-4  Adelaide Building Five Exploratory case study 182 
Figure 4-5 Typical Floor Plan of Building 5 182 
Figure 4-6 Adelaide Building Six – Exploratory case study 184 
Figure 4-7 Part Typical Floor Plan Building 6 185 
Figure 4-8 Example of stair descent chart for Building 6 186 
Figure 4-9 Melbourne Building Four – Exploratory case study 187 
Figure 4-10 Typical Floor Plan Building No. 4 188 
Figure 4-11 Building Two Melbourne – Exploratory case study 189 
Figure 4-12 Typical Floor Plan Building No. 2 190 
Figure 4-13 Sydney Building One – Exploratory case study 191 
Figure 4-14 Typical Floor Plan Building No. 1 192 
Figure 4-15 Sydney Building Eight – Exploratory case study 193 
Figure 4-16 Floor Plan of Level 18 Building 8 194 
Figure 4-17 Diagrammatic Floor Plan for Brisbane Building Three  
Figure 4-18 Typical View of first stair flight at stair entry – 
Exploratory case study 
196 
Figure 4-19 Building 7 Brisbane Typical Floor Plan serving as part 
of signpost in Lift Lobby 
198 
Figure 4-20 Typical view of down flight approaching entry door in 
Building 7 
199 
Figure 4-21 Pyne Gould Guiness Office Building 202 
Figure 4-22 CTV Building Total Collapse 202 
 xvi
Figure 4-23 123 Victoria Street – Author’s Location 203 
Figure 4-24 Partial View of Main Fire Stair – 123 Victoria Street 203 
Figure 4-25 View looking up test flight 205 
Figure 4-26 Test run no. 4 with a single operator 206 
Figure 4-27 Test 6 with 2 operators 206 
Figure 4-28 Main video camcorders used to record occupant 
progress when going down the stairs 
208 
Figure 4-29 View of typical Dictaphone (cassette recorder) used by 
observers 
209 
Figure 4-30 Lobby and stair plan on typical floor – Building M1 209 
Figure 4-31 Dimensioned plan view of scissor stairs 210 
Figure 4-32 Visual Image (Dark) of typical stair flight in Stair 1 211 
Figure 4-33 Typical Floor Plan and Perspective Building M2 215 
Figure 4-34 Typical Stair Details Building M2 216 
Figure 4-35 Visual Images of Building M2 Stairs 217 
Figure 4-36 Cycle 2 Building M4 – Typical Floor Plans and 
Elevation 
220 
Figure 4-37 Diagrammatic Plan of Scissor Stairs and Part Section 
Building M4 
221 
Figure 4-38 Typical Floor Plan for Building M3 223 
Figure 4-39 Clean or Main Stair Building M3 – Plan View 224 
Figure 4-40 Dirty or External Stair Building M3 – Plan View 224 
Figure 4-41 Plan View of Main Stair Flight Building M3 225 
Figure 4-42 Overhead View of Dirty Stair Flight Building M3 225 
Figure 4-43 Building M5 Typical Floor Plan 226 
Figure 4-44 Building M5 Elevation and Perspective 227 
Figure 4-45 
(A,B) 
Stairs One and Two Details Building M5 228 
Figure 4-46 Typical Floor Plans for Low Rise Portion of M6 232 
Figure 4-47 Mid-rise portion of Building M6 232 
Figure 4-48 Change over mid to high rise Building M6 233 
Figure 4-49 Typical floor plan of high rise portion of Building M6 233 
Figure 4-50 Detailed Plans Stairs 1 and 2 Building M6 234 
Figure 4-51 Stair 2 and Typical Section Stairs 1-3 for Building M6 234 
Figure 4-52 Internal View of Stair Two Building M6 235 
Figure 5-1 Relationship of Exploratory Case Study with Main 
2008-2010 Case Study 
241 
Figure 5-2 Ishikawa Chart Summary of Results of Content 
Analysis of 1977 Study. 
252 
Figure 5-3 Typical example of handrails from Buildings 3 and 7 260 
Figure 5-4 Estimated Stair Descent Capability – Exploratory Case 
Study 
267 
Figure 5-5 Summary of Exploratory Case Study Analysis of 1980 
Data-set 
270 
 xvii
Figure 5-6 Summary of Parts 1 and 2 of the Exploratory Case 
Study  
271 
Figure 5-7 Risk of falling and going width 276 
Figure 6-1 Thesis Study and Analysis Process 288 
Figure 6-2 Classification Framework of Core Consistencies and 
Coding Categories 
289 
Figure 6-3 Delphi Sub Group Outcome – “aide de memoire” 291 
Figure 6-4 Ishikawa Chart Summary NY Times Blog 305 
Figure 6-5 Ishikawa Chart Summary 305 
Figure 6-6 Graph of Category Percentages relative to each Core 
Consistency 
306 
Figure 6-7 Part view of typical WTC Stair 314 
Figure 6-8 Diagrammatic View of Stair 1 in Christchurch Building  317 
Figure 6-9 Stair 1 Building M6 317 
Figure 6-10 Christchurch Site – Distribution of Descent Speeds 320 
Figure 6-11 Christchurch Site – Stair Descent Chart 321 
Figure 6-12 Sydney Site Stair Descent Chart 324 
Figure 6-13 Sydney Site Stair Descent Speeds 325 
Figure 6-14 Combined Stair Descent Speeds 326 
Figure 6-15 Summary of Fuller Figure Initial Comments 333 
Figure 6-16 Summary of Mature Age Comments 341 
Figure 6-17 Vertical Bar Chart of Mature Age and Fuller Figure 
Perceptions 
343 
Figure 6-18 Ishikawa Model Summary for Focus Groups 347 
Figure 6-19 Simple form of refuge 352 
Figure 7-1 2008-2010 Case Study in relation to PhD Study 
Research Process 
367 
Figure 7-2 Inter and Intra Core Consistency Relationship 
Framework for Correlations 
371 
Figure 7-3 New Regression Analysis delivers the Aim of the PhD 
Study 
372 
Figure 7-4 Specimen Factor Analysis Outcome Table 375 
Figure 7-5 Figure of stair gradients from D1/AS1 (DBH 2011)  393 
Figure 7-6 M5 Stair – open risers 394 
Figure 7-7 Graph of Group formation M1-M6 for pattern matching 
comparison 
398 
Figure 7-8 Ishikawa Chart of Factor Analysis Results 409 
Figure 7-9 The M2 Stair – “White Out” 418 
Figure 7-10 Estimated population descent capability 423 
Figure 7-11 Longitudinal and Filtering Analysis Process for Section 
7.5 
426 
Figure 7-12 Diagrammatic Plan view of descending group 442 
Figure 7-13 Ishikawa Chart Summary of Author’s Earthquake 
Evacuation Case Study 
443 
 xviii
Figure 7-14 Specimen Stair Descent Chart and Schedule 452 
Figure 7-15 Example of use of symbols on stair descent charts 453 
Figure 7-16 Percentage “too many flights” vs. Mean Actual 
Distance 
463 
Figure 7-17 Distance traversed vs. Mean Estimated Capability  463 
Figure 7-18 Ishikawa Chart Summary of significant contextual 
factors and main indicators of descent capability or 
performance 
474 
Figure 8-1 Example of how factors combine to increase the risk of 
falling and decrease occupant estimated and actual 
performance 
485 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 xix
 
List of Tables for Volumes I & II 
Table 2-1 Mean and standard deviation for energy expenditure 
associated with physical activity 
  33 
Table 2-2 Subject characteristics in Fjelstad et al (2008) Study   48 
Table 2-3 Speed vs. Density and Flow   59 
Table 2-4 Stair geometry – International Comparison   63 
Table 2-5 Stair width and handrail requirements   69 
Table 3-1 Explanation of the misunderstandings of case studies 
as a research method 
100 
Table 3-2 Classifications of 1980 data for further analysis in the 
Exploratory case study 
127 
Table 3-3 Summary of building heights – Exploratory case 
study 
127 
Table 3-4 Table of Extrinsic Elements from Beck Study 129 
Table 3-5 Table of intrinsic characteristics generalised across 
the three buildings of the Beck (1977) Study 
130 
Table 3-6 Specimen Directed Content Analysis Schedule 141 
Table 3-7 Comparing and contrasting focus groups and other 
forms of discussion groups 
142 
Table 3-8 Example of Focus Group Coding Schedule 149 
Table 3-9 Examples of PDSA Improvements 162 
Table 4-1 Evacuation and Alarm Sequence Building M6  236 
Table 5-1 Interaction of Occupants with Extrinsic Stair 
Variables (Beck 1977) 
248 
Table 5-2 Intrinsic Factors from Canadian Study (Beck 1977) 249 
Table 5-3 Table of Frequencies for Part Two of Exploratory 
Case Study from 1980 Data-set. 
254 
Table 5-4 Intrinsic functional limitations for Buildings 3 and 7 268 
Table 5-5 Comparison of Parts 1 and 2 of the Exploratory Case 
Study for the Individual 
275 
Table 5-6 Comparison of Parts 1 and 2 of the Exploratory Case 
Study for the Stairs (Design and Construction) 
279 
Table 6-1 Frequencies of classifications against core 
consistencies – 102 Minutes 
297 
Table 6-2 Frequencies of classifications against core 
consistencies NY Times Blog 
301 
Table 6-3  Ordering of Core Consistency Categories for 
Directed Content Analysis Studies 
307 
Table 6-4 Christchurch Site – Individual Characteristics 318 
Table 6-5 Christchurch Site Descent Speeds 319 
Table 6-6 Sydney Site – Individual Characteristics 322 
 xx
Table 6-7 Sydney Site Descent times and speeds 323 
Table 6-8 BMI Benchmark Focus Group Questionnaire 
Responses 
327 
Table 6-9 Initial Comments FF1 Individual 330 
Table 6-10 Initial Comments FF2 Group 331 
Table 6-11 Initial Comments FF3 Stairs 332 
Table 6-12 Initial Comments FF4 Anything Else 332 
Table 6-13 Fuller Figure (FF) Descent Speeds and Individual 
Characteristics 
334 
Table 6-14 Initial Comments MOW 1 Individual  338 
Table 6-15 Initial Comments MOW 2 Group 339 
Table 6-16 Initial Comments MOW 3 Stair  340 
Table 6-17 Initial Comments MOW 4 Anything Else 340 
Table 6-18 Mature Age Descent Speeds and Functional 
Limitations 
341 
Table 6-19 Fuller Figure and Mature Age Survey data 343 
Table 6-20 Comparison of Stair Descent Speeds 348 
Table 6-21 Subject characteristics in Fjelstad et al Study (2008) 350 
Table 6-22 The Individual Core Consistency – Integrated Results 356 
Table 6-23 The Group Core Consistency – Integrated Results 358 
Table 6-24 Stair Core Consistency – Integrated Results 360 
Table 6-25 Management and Maintenance – Integrated Results 362 
Table 7-1 2008-2010 Intrinsic Core Consistency Frequencies of 
Levels Descended 
381 
Table 7-2 2008-2010 Case Study Intrinsic Frequencies 382 
Table 7-3 2008-2010 Case Study Functional Limitations and 
Group Formation Frequencies 
383 
Table 7-4 2008-2010 Case Study Perception of Stairs and 
Condition after Descent 
384 
Table 7-5 Population by Age and gender UAE 385 
Table 7-6 Stair Safety Response Factor Analysis 402 
Table 7-7 Factor Analysis Output for Health Conditions 403 
Table 7-8 Combined Factor Analysis Output 404 
Table 7-9 Correlation Matrix for Stair Variable 405 
Table 7-10 Correlation Matrix for Individual and 
Individual/Stair/Group 
406 
Table 7-11 Inter Consistency Relationships 406 
Table 7-12 Cross tabulation of Age by Body Mass Index 414 
Table 7-13 Shoe sizes for Buildings M1-M6 418 
Table 7-14 Table of Single “R” regression results with associated 
levels of significance 
422 
Table 7-15 Data table for estimated descent capability 423 
Table 7-16 Longitudinal Comparison Critical Stair factors from 
survey 
429 
 xxi
   
Table 7-17 Longitudinal Comparison Group Formation from 
survey 
429 
Table 7-18 Longitudinal Comparison of Individual and stairs 430 
Table 7-19 Longitudinal Comparison Group and Management 
and impact of density 
430 
Table 7-20 Individual Core Consistency Filtering Schedule 434 
Table 4-31 Filtering Schedule for Group Core Consistency 435 
Table 4-22  Filtering Schedule for Stairs 436 
Table 4-23 Filtering Schedule for Management Core Consistency 437 
Table 7-24 Test Results and Comparisons (Evac Chair Tests) 439 
Table 7-25 Adams and Galea Study (2010) 440 
Table 7-26 Factor Analysis of Observed and measured data 445 
Table 7-27 Factor Analysis Survey 445 
Table 7-28 BMI and Functional Limitations – Falling Risk 457 
Table 7-29 Triangulation of Conditions in Stairs  458 
Table 7-30 Triangulation Schedule for Descent Ability 462 
   
 xxi
Acknowledgements 
 Most of all I wish to thank my wife Jenny who has always believed that I 
had the capacity to reduce my passion to paper. I did not believe in myself but 
thanks to Jenny I am starting to have that belief now. 
 My research colleagues through the last three decades and in particular 
Jake, Jonathan, Edwina, Steve and Carlos were always there when I asked for 
their help. More recently thank you to Mike and Neil and all those who 
participated in the Delphi Groups that set the pattern for this “three decade” 
study. 
 The journey has been protracted. My life took shape finally after 
overcoming the demon, drink over 12 years ago with the help and belief of my 
“boss” Bill Gordon. To those who were part of the team during this study thank 
you for your dedication and help. It was more than I ever expected or deserved. 
In particular thanks go in the first instance to Greg, and also Gilbert, Michael, 
Christian, Barry, Derek, Jeremy, Alana, Steve (Hodgson), and Mathew. I would 
also like to thank Des who was my “sounding board” and critic in New Zealand. 
 To Faruk and Maria go my gratitude for your company and support over 
the four years at University in Manchester. Thanks to Diana and Donald for 
being my “family” in the UK. Last but not least, the journey to completion was 
made possible by my Supervisors, Marcus and Rita, who put up with me and yet 
were able to provide the guidance required on all levels to hopefully get over the 
line.  
 Finally to Fiona, Craig and Maree, and my grandchildren, Christie, 
Jonathon, Madeleine and Monique, I am so sorry that I have not been able to see 
you for such a long time. Hopefully that will change in the near future. Thank 
you for your love and understanding.  
 xxii
Declaration 
 This is to certify that the copy of my thesis which I have submitted for 
consideration for my post graduate degree: 
 
? Embodies the results of my own course of study and research 
? Has been composed by myself 
? Has been seen by my supervisor before presentation 
 
Signature of candidate/ author 
 
Hamish A. MacLennan 
@00018271 
 
 xxiii
Abstract 
Aim:  
The Aim of this PhD study is to study the performance of mature age 
office workers descending multiple flights of stairs in trial evacuations of high 
rise office buildings in the context of extrinsic and intrinsic factors. 
Method: 
A case study process coupled with mixed methods data collection and 
analysis was selected with the unit of analysis being the office worker 
descending the stairs. An Exploratory case study involving the reanalysis of data 
from a similar study1 was undertaken to confirm the selection of the research 
method. 
Six high rise buildings were selected varying from 7 to 36 storeys2.  Trial 
evacuations were held and data collected via survey, observation and physical 
assessment. Two explanatory case studies involving a Delphi group and focus 
groups classified the main contextual issues as the intrinsic ones of the occupant 
and the extrinsic ones of Stair Design and Construction, Others on the Stairs and 
Management/ Maintenance. The other explanatory study comprised a directed 
content analysis of a two extremely relevant media documents3 related to 
multiple flight stair descent. The data was analysed and findings established by 
generalisation where trends could be explained quantitatively and otherwise via 
triangulation. 
                                                 
1 A similar study was undertaken during the 1980’s of trial evacuations from 8 high rise buildings 
where the data collection comprised mixed methods. 
2 The basis of selection was defined by the Exploratory case study experience except that the 
maximum height decreased from 45 to 36 storeys. The range of heights was similar (average of 
24-25 storeys). The case study is known as the 2008-2010 case study. 
3 WTC 9/11 incident survivor study by Dwyer and Flynn of the New York Times (2004) and a 
NY times facilitated Blog concerning community attitude to fitness and surviving an emergency. 
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Results and Conclusions:  
Fatigue predicting descent performance ability was determined by 
triangulation and generalisation. Density could mask fatigue as the result of 
delays that would allow people to descend at more slowly. Descent performance 
ability for 50% of the population was 300 metres in 1980 reducing to 240 metres 
in 2010. The risk of falling related directly to this distance and the spiralling 
action of turning at each landing4. Triangulation showed this action increased the 
risk of vertigo and dizziness as well as the impact of increased BMI and health 
conditions on stability. The significant (p<.05) contextual extrinsic factors were 
found to be stair descent risk, need for clear visibility and support from reachable 
handrails, trial evacuation strategies and procedures and group dynamics. There 
are other less significant findings5 explained by context and the “cause and effect 
directed”6 case study research method. 
                                                 
4 3-14% of the building population which was confirmed via triangulation. 
5 e.g. Occupants view of steps obstructed by others in the group, actual and estimated 
performance correlated highly with fatigue (R2 > 0.5, p<.05), See also Chapter 8.  
6 Utilising the Ishikawa Chart as part of a process known as Root Cause Analysis (Portwood and 
Reising, 2007) 
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Chapter 1: The Research Problem, Questions, Aim and 
Objectives 
1.1 Introduction 
 High Rise Office Buildings have and will continue to increase in height 
since studies confirm that the principle of high density commercial development 
is economically sustainable (Buchanan and Partners, 2008). As these buildings 
increase in height7 the risk to the occupants increases as they may have to go 
down a greater number of stairs to get to ground level in event of an emergency 
(Bukowski, 2009). Going down stairs is one of the most dangerous tasks that a 
worker in a high rise office building may have to undertake especially as they 
grow older (Reeves et al, 2008). Al-Abdulwahab (1999) shows that individuals 
older than 40 years start to lose their strength and develop other problems 
associated with a sedentary lifestyle. In the UK, for example, over 50% of office 
workers will be 40+ years of age over the next ten years (Dixon, 2003).  The 
physical task of going down an increased number of stairs may be too much and 
the challenge is whether the individual is fit enough and strong enough to 
accomplish this task (Parker-Pope, 2008). 
1.2  The Research Problem 
1.2.1 Buildings increasing in height – does this require greater 
 effort? 
 As office buildings increase in height so does the distance that the 
individual is required to go down the ‘fire stairs’ increase. The trend of new 
office building is to generally be of increasing height (Bukowksi, 2005 and 
Buchanan and Partners, 2008) so that the required physical effort, level of fitness 
                                                 
7 Ranging from buildings such as One Chase Manhattan Plaza constructed in 1961 with a height 
of 248m to 509m high for Taipei 101 in Taiwan in 2004 and Burj Khalifa in Dubai of 828m. All 
these buildings were constructed under USA Codes. Bukowski (2005) provides further examples.  
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and functional ability of office workers needs to increase. Studies of the WTC 
9/11 incident did not really support this opinion in terms of the measure of 
fatigue (Galea et al, 2008a) and also functional limitations (McConnell et al, 
2010) most likely due to the reduction of descent speed because the stairs were 
crowded offering people the chance to rest. Galea et al (2008) did also comment 
that the number of delays experienced whilst descending the stairs may have also 
allowed the individuals to rest.  
 
1.2.2   Emergency preparedness and health and safety – evacuation 
 drills? 
 The WTC 9/11 incident did raise the need for an improvement in 
knowing what to do in event of an emergency and also doing it in the minimum 
amount of time, especially when the requirement is to evacuate the building 
(Averill et al, 2005). Health and Safety Law in most countries such as the UK, 
Australia, New Zealand and the United States8 now mirror this requirement so 
that building owners and employers are required to organise evacuation drills 
that replicate an emergency incident so that office workers can practice what they 
have to do and be familiar with the exit routes and the overall evacuation plan. 
Trial evacuations may not always reflect the same findings as those of Galea et al 
(2008 and 2008a). There may be the case when the evacuation plan is such that 
the timing of the entry of individuals and their colleagues into the stairs results in 
there being less people in the stair at any one time (Pauls 1977)9. Other studies 
show that people can move at their own speed or that of the group when their 
path is not blocked by others (Templer, 1992, Nelson and Mowrer, 2002). This 
will result in a higher expenditure of energy over the same distance. Parker-Pope 
(2008) asks whether individuals are fit enough to cope with this type of scenario.  
                                                 
8 E.g. UK – Health and Safety at Work Act 1974, Australia – Section 21 Model Occupational 
Health and Safety Act; See Chapter 3 for further detailed discussion. 
9  As a result of applying an Evacuation Code or  Standard  
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 1.2.3 The individual office worker, questions of age and physical 
 condition to complete trial evacuations. 
 The occupants of high rise office buildings usually comprise white 
collar office workers whose vocational lifestyle is sedentary (Bee, 2011). A small 
cross sectional European Study shows that, regardless of an individual’s 
occupation, sedentarism10 or lack of physical activity during leisure time is as 
high as 84% (Gal et al, 2005). Bee (2011) shows that sitting at a desk all day can 
result in many chronic cardio respiratory and metabolic conditions. NSW Health 
in Australia is concerned about this problem since over 40% of the population 
are physically inactive and over 50% are classified as obese (Centre for Health 
Advancement, 2008). Steele and Mummery (2003) in an Australian study 
confirm that the level of energy expenditure (METS11) associated with leisure 
activity was generally higher for the professional and white collar workers. Their 
study (Steele and Mummery, 2003), however, was mainly confined to the 
measurement of energy expenditure of white collar, professional and blue collar 
workers in the workplace, with the age group of respondents ranging from 18 – 
62 years. In discussing the impact of ageing Gal et al (2005) also indicate that 
increasing age is associated with increased sedentarism10.In the Steele and 
Mummery study (2003) over 50% of the white collar respondents exceeded 42.9 
years in age and 40.9 years for the blue collar workers. This matches the UK 
trend where over 50% of the workers over the next decade will be >40 years old 
with the 50-64 age group accounting for over 30% of the workforce (Dixon, 
2003). The same projections also apply generally to New Zealand and North 
America (Ovseiko, 2008). Is sedentarism10 therefore a risk factor for those over 
the age of 40 years and does this mean that over 50% of the workers will be 
                                                 
10 i.e. where a person’s level of energy expenditure is less than 4 METS. See footnote 13 below 
for definition of METS.. It is a risk factor associated with a sedentary lifestyle such as an office 
worker who is not really active during their leisure time. 
11 METS is a measure of human energy.  It stands for “metabolic equivalent”. A body at rest uses 
1 MET to maintain its function. Physical activity over and above this is measured in multiples of 
METS. The more vigorous the exercise the greater is the METS/minute (energy expenditure per 
minute. 
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classified as mature age? The research literature tends to set “mature age” at 45 
years (Warr, 1994 and Government of South Australia, 2006).  
 Al-Abdulwahab (1999) in a study of the functional ability and strength 
of males showed a marked deterioration of strength and a decrease in functional 
ability commenced at about the age of 40 years. Pauls et al (2007) is concerned 
about the impact of age and lack of fitness on stair climbing and this concern is 
borne out by others who confirm the impact of age and a sedentary lifestyle on 
the loss of strength and the increase in levels of obesity (Booth et al, 2002 and 
Lauretani et al, 2003).  
 The NSW Department of Health (Centre for Health Advancement, 
2008) have organised an intervention programme with employers to modify the 
lifestyle of office workers (white collar and professional) at work through diet, 
working conditions and practice. Other simpler intervention programmes such as 
opening up the fire stairs to promote inter floor communication and therefore an 
option for some vigorous exercise (Eves et al, 2008) could offer other options 
where energy expenditure levels would be greater than 8 METS. A lifestyle 
associated with inactivity will speed up the loss of strength (Booth, 2002). The 
overall intervention discussed above would need to include leisure time activities 
as well if the level of energy expenditure at work for white collar and 
professional workers is compared with that of blue collar workers (Steele and 
Mummery, 2003). 
 A further examination of the Steele and Mummery study results (2003) 
reveals that the office worker generally expends 85% less energy in their 
occupational setting than blue collar workers. The daily level of energy 
expenditures for office workers confirms sendenterism10. 
 Seeing the mean age across all the occupational categories in this study 
(Steele and Mummery, 2003), was approximately 40 years and, that this is the 
approximate age where functional abilities start to decrease together with a loss 
of strength (Lauretani et al, 2003 and Booth et al, 2002), the author considers that 
it is entirely appropriate to focus the research on the performance of this age 
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group in the descent of stairs in trial evacuations. This consideration is confirmed 
by the concern expressed by a number of eminent researchers in pedestrian 
movement (Pauls, Fruin and Zupan, 2007). 
1.2.4 The extrinsic factors – the stairs and the surrounding stairwell 
 High Rise Office Building stairwells for buildings over 25m in height 
are of fire rated construction12. The entry doors are therefore fire doors on self-
closing devices. This enclosure needs to maintain this fire rating until it 
discharges to a place of safety on the ground floor or the level where it leads to a 
place of safety12. In high rise buildings the footprint of the fire stair may change 
between the high, mid and low-rise sections of the buildings in order to navigate 
around the mid-level plant rooms. Examination of some of the WTC9/11 Tower 
1 and 2 floor plans presented in some post WTC 9/11 incident studies (Averill et 
al, 2005) confirm this type of layout. The internal stairwell environments contain 
the stairs which may comprise different configurations (e.g. dogleg and box 
shape) and stair geometry. Pauls (1984 and 2007) shows the impact that the 
various extrinsic features of the stairs and the surrounding environment and other 
people have on the individual. The impact is discussed further in the Literature 
Review.  
 The most critical issues in terms of the engineering science studies have 
been the minimum stair width (Blair, 2010), the width of the goings (treads) 
(Roys, 2006) and availability of handrails (Pauls, 1984). The health science 
literature shows amongst other things that the steeper the stair the greater the 
power exerted through the joints in the lower limbs (Riener et al, 2002) so that 
strength is an issue (Lauretani et al, 2003).  
 Most of the earlier engineering science studies have also shown that 
density is the factor that influences descent speed (Fruin, 1987) but recently one 
of the post WTC9/11 trial evacuation studies (Peacock et al, 2009) confirmed 
                                                 
12 Approved Document B. Fire Safety, The Building Regulations for UK; Section C of the 
Australian Building Code 2011 and NZ Compliance Document C/AS1 Fire Safety.  
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Pauls concerns re the minimum width of stairs being sufficient for users to 
overtake the slow movers or allow emergency responders to climb the stairs in 
the opposite direction without causing a blockage. Peacock et al also (2009) 
showed that distance had an impact on descent speed.   
1.2.5   Others on the stairs at the same time – the group   
 Templer (1992) identifies the impact that others may have on the 
individual whilst descending the stairs. Not only does this deal with the number 
of people on the stairs at any one time, which is known as density13 (Fruin, 
1987), but also the impact of the slow unfit mover being assisted by a group 
holding up others behind, known as “platooning” (Templer, 1992). Groups have 
been considered in some studies (MacLennan, 1989; Fahy and Proulx, 2005 and 
Dwyer and Flynn, 2004), but were not directly concerned with the impact of the 
slow mover. Boyce et al (2011) studied merging behaviour at the entry into the 
stairwell. The study showed some interesting group behaviours especially in 
terms of the pattern of deferment and the impact of different stairwell layouts or 
configurations. This merging behaviour may have been seen by Peacock et al 
(2009) as a delay. 
1.2.6 The Emerging Research Problem 
 The Emerging Research Problem is therefore one that comprises the risk 
associated with evacuation drills in terms of the individual’s functional ability 
and physical fitness. The main question has been asked by the Author in the 
public arena (MacLennan, 2011) and is similar to that asked by Parker-Pope 
(2008): 
 “Do we think we are fit enough to survive a high rise building 
evacuation using the stairs?” 
 
                                                 
13 Strictly defined as the number of people per unit area e.g. 4 persons /m2 
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 There are others. The general issues identified in sections 1.2 and 1.1 
show that the performance of an individual descending the stair as part of a trial 
evacuation needs to be to be studied in context.  so that a framework can be 
selected to interrogate the literature and establish the research questions, aim and 
objectives: The context is represented by the factors described in Section 1.2 
each of which affect the individual’s estimated or actual performance. The 
contextual factors are:   
? Emergency preparedness and health and safety – extrinsic factor.  
? The individual office worker (questions of age and physical condition to 
 complete trial evacuations) – intrinsic factor. 
? The individual and others on the stairs – the group 
? The stairs and the surrounding stairwell – extrinsic factor 
1.2.7   Conclusion  
  The research questions, aim and objectives are developed in the 
subsequent sections using these contextual factors as a framework. The use of 
this framework is continued on as part of the study to examine the literature, 
extract data from the PhD Study Delphi14 and Focus Groups, to interrogate two 
user based studies and observations from the WTC 9/11 incident and then to 
underpin the design and execution of the PhD Study. 
1.3 Research Questions, Aim and Objectives 
  
1.3.1 Aim 
 The aim of the PhD Study is: 
  
                                                 
14  The Delphi Group was also used to challenge and/or confirm this framework. 
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“To study the performance of mature age office workers descending multiple 
flights of stairs in trial evacuations of high rise office buildings in the context 
of extrinsic and intrinsic factors15”. 
 
 The main thrust of this aim is to study the performance of mature age 
office workers in descending multiple flights of stairs in the context of the 
intrinsic and extrinsic factors that impact significantly on this task similar to 
those factors mentioned in section 1.2 of this chapter. 
 
1.3.2 Objectives: 
 There are four Objectives that are used to help in delivering the Aim. The 
objectives are formed in association with the Research Questions. The Research 
Questions appear in the next section. The Objectives are listed below with the 
associated Research Questions (RQ):  
 
Objective O-1 (Refer to Research Question RQ1) 
Establish which factors are the main extrinsic factors in terms of their 
“measured” impact on an individual’s performance in terms of their 
functional ability to safely descend multiple flights of stairs. 
  
 The main factors will be established in the literature review in Chapter 2 
and then via actual case study and analysis that will involve Delphi and focus 
study groups. 
 
Objective O-2 (Refer to Research Questions RQ2, RQ3, and part RQ4) 
Explore the impact of the intrinsic factors associated with an individual’s 
performance  
  
 Many of the intrinsic factors have been established by the author in the 
previous incomplete study carried out at the University of Technology, Sydney in 
the 1980’s that will be incorporated into this PhD Study as an Explorative Case 
                                                 
15 The framework representing the contextual factors are further tested by Objective 04 as part of 
an inclusive planning and assessment toolkit 
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Study. Additional factors will be added as suggested by others (Booth et al, 2002 
and Pauls et al, 2007) and as determined in the literature review and tested 
further by case study and analysis. 
 
Objective O-3 (Refer to Research Questions RQ7 and RQ8) 
Establish the extent and location of group formation together with their size, 
structure, likely behaviour, and impact on the individual members. 
  
 The rate of group formation has been explored by the author as per 
Objective 0-2 but will be explored further via literature review, case study and 
analysis. Group behaviour is also of interest in terms of the risk involved with 
assisting those members who are unable to cope and the estimated threat of the 
group to members with functional limitations e.g. where members feel too 
embarrassed to ask the group to slow down for any reason. 
 
Objective O-4 (Refer to Research Questions RQ3 and RQ6) 
Establish whether or not the performance of office workers in descending 
multiple flights of stairs can be measured as a function of a maximum number 
of storeys that can safely descend without a rest in the context of the relevant 
extrinsic and intrinsic factors. This level of measured performance is seen as 
their functional ability. 
 
 There is no doubt that this issue has been discussed in the past so that 
generalisations may have been made from organisation to organisation and 
internationally. Generalisations need to be underpinned by rigorous study where 
the practice is built into the research method. Case Study research is such a 
method (Yin, 2009) so that it will be used as the predominant method in this PhD 
Study.  
 Individual human performance is shown in Chapter 2 to be directly linked 
to fitness, functional limitations and distance to be traversed down the stairs. Self 
designation of functional limitations and level of fitness is extensively challenged 
because of the value of self reporting (Sjostrom et al 2005). Validated self 
reporting and designation tools are available (Ottevacre et al, 2011) and can 
therefore form the basis of inclusively based planning. 
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 The framework proposed in Section 1.2.6 presents individual 
performance as the unit to be analysed within the contextual framework using a 
Root Cause Analysis Model. This model shows up the reasons for alteration in 
individual performance e.g. an increase in distance often results in fatigue so that 
any functional limitations that will hasten fatigue will show up. Seeing the 
framework referred to in Section 1.2.6 is used to search the literature and 
structure the research its value needs to be tested. The framework is in the form 
of an Ishikawa Chart commonly used in Health and Safety as a Root Cause 
Analysis tool to establish the level of success or failure delivered via a process or 
task. See Section 1.4 for further explanation.  
1.3.3 Research Questions 
 The research questions that need to be addressed in the functional ability 
model referred to in section 1.2 and the Objectives in Section 1.3.2 together with 
the analysis of typical trial evacuations are16: 
Research Question RQ1 (Objective O-1) 
What are the extrinsic and intrinsic factors in a high rise stairwell (both 
physically observed and estimated) that would impact on an individual’s 
performance going down the stairs? 
 
 The extrinsic and intrinsic factor classifications are established in two 
ways. The first is from the literature review in Chapter 2. The results are then 
compared with the advice reached by consensus from the PhD Study 
international Delphi Group comprising experts from the two schools of research 
on stair use of engineering science and health science. 
Research Question RQ2 (Objective O-2) 
What are the functional abilities and other intrinsic factors associated with an 
individual that would affect their safe descent and can these be measured (e.g. 
reduction in descent speed)? 
  
                                                 
16 Each research question is provided with a numbered reference as they are referred to again in 
Chapters 6 and 7. 
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 Two measurement techniques are involved here that can be answered by 
a validated survey system augmented by focus group and benchmark studies. 
Descent speeds will need to be measured and compared to show the extent of the 
impact of functional limitations (Spearpoint and MacLennan, 2012) 
Research Question RQ3 (Objectives O-2 and O-4)  
Can the level of fitness of an individual be reliably established via self-
reporting methods such as that established by Sjostrom et al (2005)? 
  
 Establishing levels of fitness using self-reporting techniques can provide 
unreliable answers so that alternative methods need to be explored (Sjostrom et 
al, 2005). 
 
Research Question RQ4 (Objective O-3) 
Is the task of the descending multiple flights of stairs a challenge for an 
individual in terms of the impact of the extrinsic factors established by the 
Delphi Group and how can this impact be measured? 
  
 There are conflicting reports of high rise evacuation being a challenge 
because of contextual factors which may be directly attributed to the risk of 
falling (Spearpoint and MacLennan, 2012) 
 
 
Research Question RQ5 (Objective O-1) 
What inclusive modifications can be made to the construction of stairs and 
their environment to improve the individual’s performance, confidence and 
lessen the risk of falling? 
  
 The answer could most likely be provided directly from such seminal 
studies as Templer (1992) but it may not answer the construction requirements 
required to assist users who may be fatigued because of distance so that findings 
may need to be enhanced further by focus group analysis. 
 
Research Question RQ6 (Objective O-4) 
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Is individual self-designation of functional limitations an appropriate 
evacuation planning tool? 
  
 Personal emergency evacuation planning is an example (DCLG, 2007) 
and self-designation does encourage inclusive participation. This aspect will be 
explored via literature review and survey. 
 
Research Questions RQ7 and RQ8 (Objective O-3) 
What factors increase the risk to group members in assisting others in their 
group who may be in difficulty?  
 
and 
What are the threats to individual performance posed by the group and 
management? 
 
 Pauls et al (2007) is convinced that the population has been less fit and 
more obese over the last three to four decades which is substantiated elsewhere 
(Booth et al, 2002) so that the members of a group run the risk of injury from 
assisting morbidly obese individuals when they are not trained in lifting 
techniques (Hignett et al, 2007). There may be others which can be investigated 
further using focus groups. 
1.4 Framework for reviewing the literature and directing the 
research. 
            The framework is presented in the form of an Ishikawa Chart (Figure 1-1) 
which is simply a cause and effect diagram (Battino, 2006). It is commonly 
called a ‘fishbone’ diagram.  
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Figure 1-1- Framework for Interrogating the Research Literature where the outcome 
reflects the Aim of the Research17 
 The main horizontal arrow represents the spine and is where the factors 
listed on the bones (diagonal arrows) link into the spine. These points are where 
the interaction between the factors needs to be considered in terms of their effect 
on the outcome noted in the outcome box highlighted in blue. 
Section 1.5 provides an overview of the Research Process and Method. 
The cause and effect framework provides a view of the context, the classification 
of which is used to direct the research. 
 
1.5 Summary of Research Process and Method 
 The scope of work for the PhD Study outlines the work necessary to 
complete the tasks shown in Figure 1-2 below: 
                                                 
17 Developed from the Functional Capacity Model developed by Matheson (2003), See Chapter 2. 
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Figure 1-2: Research Process for PhD Study  
 
Selection of the research process and method 
The choice of the research method is vital. It not only establishes the 
extent of the research but provides the rationale for its choice. Figure 1-2 defines 
the case study process (Yin, 2009). Chapter 3 shows the development of the 
method using the “research onion” (Saunders et al, 2007) combined with an 
exploratory case study to test the choices between methods involving the re-
analysis of data from a 1980 trial evacuation study carried out by the author. The 
original aim of this study was similar to that of the proposed PhD study and 
involved the use of mixed data collection and analysis methods18. The 
Exploratory case study therefore confirmed the choice of methods. 
 Multiple case studies can be integrated to form one study (Yin 2009) so 
that this allows for patterns and relationships to be established between buildings 
and explained by further explanatory studies19 together with triangulation 
                                                 
18 As defined by Amaratunga et al (2002) and Gray (2009)  
19 i.e. trial evacuations in each associated building 
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between data gathered and analysed via mixed methods (Amaratunga, 2002). 
Real world studies had been attempted in the past which confirmed the existence 
of noisy data in stair descent (Blair, 2010; Templer, 1992; Archea, 1979 and 
Beck, 1977). A real world contextual study of stair descent was therefore 
required and this is reflected in the aim.  
Exploratory case study 
 The Exploratory case study involved re-analysing hard copy data20 from a 
study of trial evacuations in Australia during the 1980’s. The exploratory case 
study showed that the functional ability of the stair user was defined by the 
distance they had to travel and the resultant level of fatigue they experienced. 
Their degree of fitness was also unknown. The selection of buildings took into 
account the existing regulatory definition of high rise as being a building with the 
height to the uppermost floor of ≥25metres. The group therefore selected 8 
buildings ranging from 7 storeys to 45 storeys in height with an average height of 
21 storeys (see Figure1-3 below). 45 storeys was the maximum permitted by 
owners. 
 
Figure1-3: Selection of buildings from the 1980 study 
                                                 
20 Original data was stored on magnetic tapes which were dispensed with by the author’s previous 
employer in 1994-1995. The results were not published as the project was incomplete due to the 
lack of resources and funding towards the programmed end of the project. 
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  Full trial evacuations were held in each one of the buildings21 and a 
survey carried out using a questionnaire designed by the group and reproduced in 
Appendix A5.  
 Seven extrinsic variables as outlined in Chapter 3 were created from the 
available hard data along with two intrinsic variables. The frequency tables were 
reorganised into a master table and patterns established between the buildings 
that could be explained. Significant relationships could not be established 
because of the absence of the original data tying the data to each respondent. The 
trial evacuations also included observers who descended with the groups and 
they provided strategic times and comments of stair use and actions in 
accordance with an observation checklist prepared by the group. The only video 
observations were at the point of final exit so that the time of exit for each 
observer could be established and descent times established. The lack of intrinsic 
information gathered from the 1980 data was supplemented by the inclusion of a 
content analysis of a health science study of three similar office buildings in 
Ottawa, Canada, carried out by Beck (1977).  The Canadian population statistics 
were compared with the Australian equivalents at the time (Rowland, 1991). The 
main intrinsic characteristics were found to be broadly equivalent. The Beck 
(1977) Study was then used to fill in some of the contextual factors and their 
associated relationships.  
The outputs from each study were compared and a combined Ishikawa 
chart prepared. The rival theory was confirmed and partially explained as density 
may well have masked fatigue as suggested (Galea et al, 2011). There was 
sufficient evidence to establish the need for a further current study.  
2008-2010 case study 
 The design sequence of the 2008-2010 case study process is shown in 
Figure 1-4. The main study comprised the conduct, survey, observation and 
                                                 
21 Building number 4 was 45 storeys in height so that only a partial evacuation of floors 17-21 
and 41-45 were permitted at the same time using different stairs on the grounds of safety. 
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physical measurement of trial evacuations from six high rise office buildings 
selected in accordance with the criteria from the Exploratory case study. After 
detailed enquiries in Australia and New Zealand it was established that 36 
storeys was seen by Building owners as being the safe limit for overall 
evacuations. The selection was such that the 25 storey limit that 50% of the 
population estimated they could cope with without a rest closely coincided with 
the average number of storeys22 of the selection (see Figure 1-4). 
 The next criteria, was that the buildings should be located in a number of 
countries where fitness and hence fatigue could be an issue. The USA was 
investigated as a logical choice but permission was not forthcoming. A decision 
was therefore made to include a high rise office building in the United Arab 
Emirates as buildings were generally designed and constructed in complete 
accordance with Codes from the USA. Also the level of obesity and hence level 
of physical activity (Booth et al, 2002) was equivalent to the USA. Other 
countries that were included were the UK, Australia and NZ. The buildings were 
each given a code number as shown in Figure 1-4 below (M1-M6). The two 
representative exemplar buildings included for further comparisons from the 
Exploratory case study were buildings 3 and 7. 
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Figure 1-4: Selection of 2008-2010 Case Study Buildings  
                                                 
22 The average was 24. 
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  Trial evacuations were carried out in all six buildings and data was 
gathered using fixed video cameras and observers evacuating with the office 
workers. The observers gathered information on Dictaphones23 in line with a set 
of instructions of the observations required during descent. Observers also 
provided sound “time stamps” at each landing. Questionnaires developed from 
the exploratory case study questionnaire24 were handed out and collected about 
two days later, coded and the data abstracted to spread sheets. The same 
procedure was repeated for memory cards from the cameras and the sound files 
from the observer Dictaphones. Stair descent charts such as those in the 
Appendix A7 were prepared ready for triangulation with data from the survey. 
Descriptive statistics, regression and factor analysis was used to analyse these 
data. Details of the analysis may be found in Chapter 3 and 7.  
 
Delphi Group input 
 Concurrent with the trial evacuations a Delphi Group was formed of 
international experts25 to identify the intrinsic and extrinsic issues that affected 
the performance and/or functional capacity of office workers to descend multiple 
flights of stairs in a trial evacuation. A variation of the original Delphi approach 
known as Policy Delphi (Turoff, 1970) was used where the medium of a 
facilitated committee meeting of experts was used to identify the issues. The 
opinions of the experts varied26 somewhat. The process was such that all the 
issues were identified on the basis that the committee members did not object to 
their final inclusion. The detailed process is discussed in Chapter 3. The main 
                                                 
23 See Appendix A3 for Observer instructions and check lists 
24 See Appendix A3 
25 See Appendix A3 for names and summary CV’s of members. 
26 The exact differences were not identified in detail. The differences related to their backgrounds 
and siciplines. 
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issues identified were classified as shown on the Ishikawa Chart in Figure 1-1. 
One other concern was the tools being used to assess fitness. A validated tool 
known as the International Physical Activity Questionnaire (Sjostrom et al, 2005) 
was adopted and used. 
Focus group and Content Analysis input 
The opinions of the experts were complimented by the use of focus groups. The 
Delphi classifications, other than management, were used as prompts. Three 
office worker focus groups were assembled as follows: 
 
? Benchmark BMI Focus Group  
? “Fuller Figure” Focus Group 
? “Mature Age” Office Worker 
 
The Benchmark group comprised office workers who were classified as fit 
using the IPAQ self reporting system (Sjostrom, 2005) to identify this level. This 
group were also asked to go down multiple flights of stairs as they would in a 
trial evacuation except that they were on their own. The resultant descent speed 
was therefore individually selected. On completion of the stair exercise they were 
asked to complete the same questionnaire as the respondents from the trial 
evacuations in Buildings M5 and M6 in the third cycle of the 2008-2010 case 
study (Figure 1-2). Each member also carried a Dictaphone and recorded their 
progress in the same manner as the observers in the “survey”. This procedure 
allowed their descent speeds to be plotted on a stair descent graph27 together with 
any other relevant intrinsic information. 
 The same process was repeated for the Fuller Figure and Mature Age 
focus groups except that the stair descent part was replaced with a walking test 
where the measured speeds were converted to a descent speed (Riener et al, 2002 
                                                 
27 The graphs may be found in Chapter 6. 
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and Fujiyama and Tyler, 2004) because of the safety concerns of the building 
owner in whose building the tests were carried out. On completion of the 
questionnaires each member was asked to complete an Ishekawa Chart shown in 
Figure 1-1 individually with any additional issues to those covered in the 
questionnaires. The completed documents were returned to the facilitator of each 
meeting. The meeting was then opened up for discussion (Kruger and Casey, 
2000). These responses were transcribed and coded (Insites, 2007). 
 The data from each of the focus groups was analysed in turn and the 
resultant descent speeds between the two groups compared. The outcome of the 
analysis showed that the individual functional capacity and/or performance were 
different. The reasons for the differences showed up in the questionnaire 
responses and the analysis of the group discussions28. This analysis satisfied the 
requirements of the Delphi Group re comparisons with descent speed. The data 
was also used for triangulation with equivalent data from the trial evacuation 
surveys in the main case study29. This comparison provided a measure for 
establishing the risk of falling for survey respondents30. 
 The findings from the focus groups were supplemented by including a 
directed31 content analysis of two media instruments (Hsieh and Shannon, 2005 
and Fahy and Proulx, 2005). Two instruments were analysed being a record of 
interviews with survivors and others involved in the WTC 9/11 incident (Dwyer 
and Flynn, 2004) and a record of responses to a question asked in a NY Times 
Blog about the physical challenge of descending multiple flights of stairs 
facilitated by Parker Pope (2007). Most of the issues extracted related mainly to 
                                                 
28 See Chapter 6 
29 See Cycles 1-3 as shown in Figure 1-2 in Chapter 7  
30 The measure of risk was established where the descent speeds of the survey respondents 
exceeded the range for the members of the “Fuller Figure” and “Mature Age” focus group 
members (Mademli et al, 2008)  
31 Directed by the contextual classifications set down by the Delphi Group. 
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the “group” and the impact of “management”. The frequencies of the responses 
were established and used to compliment the Focus group findings on an 
Ishikawa Chart in Chapter 6.  
Additional case studies to complement content analysis findings  
 Two additional author based studies (Yin, 2009) were conducted to 
enhance the 2008-2010 case study. Case studies are flexible so that when there 
are contextual issues that require further investigation or explanation additional 
studies can be undertaken. The matters that required further study were stair 
width and assisted evacuation involving groups.  
Analysis of 2008-2010 Trial Evacuations including triangulation 
 The analysis of the data from Cycles 1-3 of the 2008-2010 case study 
comprised the following tasks along with a description of the analysis: 
 
? Data from survey responses were coded and analysed using descriptive 
statistics32 to establish frequencies which could then be compared to 
establish a distinct trend that could be generalised between the buildings. 
? Data from the surveys were further analysed to establish internal 
significant relationships between factors within each classification and 
then also externally between classifications. This allowed for conclusions 
to be drawn about the impact of the context on the performance of each 
individual. 
? Coded multi variable data for the stair design and environment 
classification and the impact on the individual were reduced by factor 
analysis33. Two new variables were derived being descent risk and 
visibility/ support which were then triangulated with physical 
measurements taken from each stairwell. The measurement templates are 
                                                 
32 Using SPSS V16 
33 Using SPSS V16, Varimax method. 
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shown in Chapters 4 and 7. The triangulation is significant as it 
confirmed the results from the survey factor analysis (see Chapter 7). 
? Video data and observer data were analysed and transferred on to stair 
descent charts with individual schedules. The charts plotted the path and 
descent speed of each of the participants in the trial evacuation for each 
stairwell. The Y-axis of each chart represented height or level number. 
The X-axis represented the adjusted elapsed time. 
? Observer and survey respondent positions and progress were also plotted 
and determined. Sound files from the observers combined with the sound 
from the video files were used to enhance information gathered from 
each individual image. The results were recorded in schedules associated 
with each stair descent chart.  
? The additional internal triangulation permitted the preparation of 
additional schedules for triangulation with survey data concerned with: 
o Comparison of focus group and trial evacuation descent speeds 
for respondents whose intrinsic characteristics were the same as 
the members of the focus groups (risk of falling) 
o Verification of group formation 
o Extent of overtaking and delays caused by slow movers including 
causes. 
o Verification of conditions in the stairs especially in terms of the 
degree of crowding via comparison between the measured density 
(people/m2 of stair) and the survey respondent estimation of 
“crowdedness”. This provided further information used to explain 
whether or not the descent speed was physically reduced by 
“density”. The reduction in descent speed coupled with other 
delays provides opportunities for people to rest thereby reducing 
fatigue.  
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 Comparisons were made between the distances actually travelled by 
survey respondents and whether they felt the distance comprised “too many 
flights”34 or how the response related to the answer to the direct question in all 
the questionnaires concerning estimated descent ability35. Responses to this 
question were also analysed to establish the number of storeys that could be 
coped with by the 50% of the surveyed population. This provides an overview of 
the level of performance of the office worker as it has a significant relationship 
with their trial evacuation experience (measured and estimated). The findings 
from the analysis were determined and are presented in Chapter 8.  
 
1.6 Thesis contents 
 This chapter introduces the intrinsic and extrinsic issues that impact on 
the performance of office workers going down stairs in trial evacuations. It 
shows that these issues were not really considered in previous stair safety and 
evacuation studies. The research problem is established together with the aim and 
objectives. The appropriate research method briefly described. The chapter 
concludes with the cause and effect framework that is used to direct and co-
ordinate the research. 
Chapter 2 provides an extensive introduction to multi flight stair descent 
safety commencing with real world engineering science based studies and 
comparing these with health science based studies carried out in the laboratory. 
This Chapter is a literature review and shows how these engineering based 
studies were concerned about stair design and construction issues and safety 
whilst the health science studies concentrated on the intrinsic issues (age, gender, 
fitness and health conditions) affecting descent. Rival theories are identified as a 
                                                 
34  A direct question asked in the questionnaires for cycles 1-3 of the 2008-2010 case study and 
further compared with the effects of the descent such as fatigue. Also a  
35 Coping – i.e. the maximum number of storeys the respondent estimated they could cope with 
without a rest – this is taken as a measure of their estimated functional capacity/ performance. 
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result concerning fatigue and distance. The chapter concludes with the context 
summarised in a cause and effect framework with individual performance and 
safety as the outcome. 
Chapter three identifies the need for the real world study and the need for 
the individual office worker to be included as the focus of future research. 
Various research strategies are examined and a mixed methods multiple case 
study process selected. The process is described and its component part described 
in detail. Chapter 3 also introduces the cause and effect framework that is used to 
drive the collection, analysis and discussion of the data. The chapter concludes 
with the method used to triangulate the data so as to reinforce findings developed 
from the individual analyses. 
Chapter 4 provides the plans and measured stair details for each of the 
buildings re-analysed for the Exploratory case study and those selected for the 
2008-2010 case study. This chapter also describes the trial evacuations for each 
of the case studies.  
Chapter 5 presents the results of the Exploratory case study being a re-
analysis of hard copy data from an author based trial evacuation study carried out 
in the 1980’s. The re-analysis of results of a real world study connected with the 
origins of the Exploratory case study are presented and integrated with the 1980 
results. The chapter concludes with the summary of the results and associated 
discussion within the cause and effect framework. Possible performance 
predictors are presented as outcomes using this framework and the selection of 
the mixed method multiple case study is confirmed. 
Chapter 6 presents the results of the embedded explanatory case studies 
ahead of the 2008-2010 trial evacuation case study results in the next chapter. 
The Delphi group design and process is described with the outcome of their 
opinions being the contextual factors of stair descent. The chapter continues with 
the results from the focus group studies sessions supplemented by two Content 
Analysis Studies directed by the Delphi Group’s contextual classification 
framework. A quantitative analysis of the focus group tests and Content Analysis 
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factors is presented and integrated with the other results in a cause and effect 
framework ready for further integration with the 2008-2010 trial evacuation 
study results in Chapter 7. 
Chapter 7 commences with the results of the trial evacuation survey and 
trends across the buildings M1-M6. Results from the observers and video 
analysis are included in Appendix A7. The three data sets are triangulated 
extensively with the details included in Appendix A7. The outcome of the 
triangulation is presented in Chapter 7 and further summarised and discussed in a 
cause and effect framework. The chapter concludes with the “analysis” of the 
trial explanation results within the context of the outcomes from Chapter 6.  
Chapter 8 shows how the aim and objectives have been delivered and 
presents the other significant findings within a contextual framework. The rival 
theories of fatigue, distance and falling are resolved. Research methodology is 
reviewed including the associated limitations, the contribution to knowledge 
defined and the contribution to the future suggested. 
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Chapter 2 – Literature Review 
2.1 Introduction 
 This Chapter reviews the literature dealing with the performance of 
individuals descending stairs in the context of a number of associated extrinsic 
factors. The intrinsic factors associated with the ability and capacity of individuals 
are also included in the search. The approach is based on a combination of earlier 
real world research (Pauls, 1974; Templer 1992; Beck, 1977 and Archea et al, 1979) 
coupled with experimental research nested in health science (Bohannon, 1997; 
Fujiyama and Tyler, 2004; Riener et al, 2002; and Reeves et al, 2008). 
 The contextual issues of multiple flight stair descent in trial evacuations have 
been researched individually but studies with their impact on individual performance 
but never integrated. This changed with an extensive UK study of the WTC 9/11 
incident by Galea et al (2008a). The study is, however of a single incident, and it 
may not be able to generalise findings because of the specificity of the incident. This 
chapter looks at other associated studies of this incident (Gershon et al, 2007) where 
a participative action research method was used. Contextual issues of management 
and individual performance were raised. When this was coupled with a seminal 
paper by Pauls, Fruin and Zupan (2007) concerned with how the intrinsic 
characteristics of the population had changed over the last three decades then it was 
determined that any potential body of knowledge on multiple flight stair descent 
needed to incorporate all the issues.  
 An Ishikawa Chart (Battino, 2006) is used in association with this chapter, as 
presented in Chapter 1, to clarify and simplify the contextual issues and to show that 
each of the issues (both extrinsic and intrinsic) can affect the performance of the 
individual in some way.  
 In summary the literature search in this chapter therefore examines research 
carried out in the real world and in the laboratory. The WTC9/11 incident studies 
provide the tool to link the real world and experimental studies together and apply 
the findings to multiple flight descent.  
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2.2 Overview 
 As high rise office buildings increase in height so does the distance an 
occupant has to travel from the floor which they occupy at the time of an evacuation 
alarm to a place of safety. The place of safety is normally outside or a place of refuge 
within the building36. A refuge in traditional terms is one that provides the necessary 
shelter for a person who is unable to go down the stairs due to certain functional 
limitations 37Current amendments to NFPA 5000 (NFPA, 2012) will also permit the 
use of specially designed elevators. In the United Kingdom guidance is also given in 
BS5588 Part 2 on the design and installation of elevators for evacuation. These 
strategies may not always be entirely suitable for every type of emergency where it is 
possible that the elevators may be taken out of service. This PhD Study does not 
include an appraisal of alternative evacuation systems. It is only concerned about the 
use of stairs as part of a trial evacuation exercise most likely required by the relevant 
Occupational Health and Safety legislation in the light of the WTC 9/11 incident 
(Averill, 2005). 
 Research into emergency egress38 starting with the study of trial evacuations 
in the early 1970’s (Pauls, 1977) and the movement of crowds at the same time 
(Fruin, 1987) provided the building industry with valuable reference data. The two 
important aspects of the research was the match between the needs and 
characteristics of the occupant (individual office worker) and the egress stair and its 
surrounding environment (Pauls, 1977 and Bukowski, 2009). 
 International building regulations such as those in the UK, US, and 
Australasia created a surrounding environment for the stairs where these ‘egress’ 
stairs were required to be housed inside enclosed fire rated shafts that in the main led 
                                                 
36 E.g. Such as may be required by a Code such as the NFPA5000 Construction and Safety Code 
(NFPA 2012) or D1/AS1 (NZ Department of Building and Housing, 2008) 
37 Refuge and Fire resistance rating as defined in Approved Document B (Fire Safety – 2006 edition), 
(Office of the Deputy Prime Minister (2010). 
38 Emergency egress is the act of responding to and safely evacuating the area under threat to a place 
of safety that is located either outside the building or within the building. The building needs to be 
designed with the necessary systems to allow this to happen. 
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directly to the outside of the building or discharged within a safe ground floor area39. 
This form of construction provided a fire resisting barrier to keep people safe as they 
passed the floor on which the fire was located and to prevent fire from spreading up 
through the building39. Other studies (Proulx et al, 2007) focussed on this challenging 
environment in terms of providing guidance for the individual in terms of signage 
and clearly defining the steps in each flight along with the handrails so that the 
individual could find their way and be provided with support for the such a 
challenging task (Reeves et al, 2008). More recent studies of two fire incidents 
(Proulx et al, 2004 and Kuligowski and Hoskins, 2010) show that safe egress 
involving going down the egress stairs depends on many other elements such as the 
emergency evacuation and response plan, the associated emergency communication 
systems and whether or not people are familiar with what they have to do. These two 
studies showed that the occupants were confused by a complex evacuation strategy 
and plan. 
  Office stairs were generally designed to accommodate two individuals to 
descend side by side (1100mm between walls or equivalent) (Pauls, 1984). This 
minimum width was based on data gathered over 40 years ago. Pauls has challenged 
this width based on findings from the WTC 9/11 incident and has shown that this 
width should be increased to between 1200-1500mm (Pauls et al, 2007). Pauls is 
supported by other studies such as that of Blair (2010).  Pauls et al (2007) maintain 
that the characteristics of the individual have changed over the last 40 years 
especially in terms of lifestyle both at work and at home. They (Pauls et al, 2007) 
simply state that the average body size has changed due to obesity and that people 
are not as fit as they used to be. Some people are still fit and therefore can go down 
the stairs at a faster rate than others who are less fit and able. Stairs need to be wider 
to allow the fitter people to overtake and to allow fire-fighters and other emergency 
personnel room to climb up the stairs so that they can rescue other occupants who 
may be trapped on a higher level. The need to increase the minimum width has been 
confirmed in a more recent study carried out as a result of two main studies the first 
                                                 
39 Part 24, Former Australian Model Code developed by the Interstate Standing Committee on 
Uniform Building Regulations prior to 1979. 
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by Galea et al (2008) being the UK Study of the WTC 9/11 incident40 and the second 
by Peacock et al, (2009) where they showed that the width of the stairs was one of 
the main reasons for increases in evacuation time.  
 Peacock et al (2009) also showed that there were still other things that 
required further research and this was confirmed by Blair (2010) in a separate study 
using the same raw data from the Peacock et al study (2009). In analysing the data 
she found that the data was extremely ‘noisy’ due to other behavioural factors41 that 
she was not able to examine any further. One of the examples of this ‘behaviour’ 
which has been studied recently is the interaction of the individual with others in 
such actions as ‘merging’ when entering the stairs (Boyce et al, 2011). Survivor 
responses from the WTC9/11 Incident (Dwyer and Flynn, 2004) show the marked 
presence of other forms of group such as altruistic behaviour42. This type of 
behaviour can cause the group to go down the stairs at a slower rate (Fahy and 
Proulx, 2005) and possibly test the patience of those behind by holding them up 
(Parker-Pope, 2008). Conversely it should be noted here that a member of the group 
may be too embarrassed to ask the others in the group to slow down so that this 
member may increase their risk of falling by travelling at a faster rate43. Group 
behaviour can even be affected by the emergency evacuation plan where special 
provisions are made for an individual requiring assistance to be assisted by their 
work colleagues or other specially trained workers (Kuligowski and Hoskins, 2011).  
 One of the recommendations made from an analysis of the WTC9/11 
Incident made in two separate studies was the importance of the occupants and their 
                                                 
40 Galea et al, (2008) mentioned how people were held up by fire-fighters and other emergency 
responders – problem of counter flow. 
41 Behavioural factors in trial evacuations are the major concern of the thesis, but the number of other 
factors may quite well increase during an actual emergency. An example of occupant confusion 
caused by a complex evacuation and alarm system in a real fire is presented by Proulx and Reid, 
(2006). 
42 Altruistic behaviour here means when members of the group are prepared to and do help another 
member of their group with some kind of impairment or functional limitation.  
43 Increasing walking speed for mature workers increases the risk of falling due to tripping (Loo-
Morrey and Jeffries, 2006). This is to be explored further as part of the PhD Study via the use of 
Focus Groups. 
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organisations being prepared for an emergency (Gershon et al, 2007 and Averill et 
al, 2005). The recommendations from these two studies showed the importance of 
training where the occupants actually completed the evacuation task in its entirety 
and that this should be done regularly and that if that involved going down the stairs 
then the occupants should do so. This would be the only way for everyone to find out 
whether they were able to cope with the physical challenge of going down the stairs 
or whether they should be evacuated in another way (wait at a safe refuge, evacuate 
by properly designed elevator or by some other means) (Gershon et al, 2008). 
Completion of the evacuation task therefore involves trial or practice evacuations 
carried out at least once or twice per year. 
 Emergency preparedness centred on trial evacuations is now a legal 
requirement for high rise office buildings in such countries as the US, UK and 
Australasia. This requirement is typically either enshrined in a performance 
requirement such as in Section 21 of the Model Occupational Safety and Health 
Code for Australia (Safe Work Australia, 2011) or via a set of prescriptive 
regulations such as the New Zealand Fire Safety and Evacuation of Buildings 
Regulations (Department of Internal Affairs, 2008). Where the requirement is 
performance based (i.e. the employer is required to provide a safe place of work) this 
is usually reinforced with a Code such as the Australian Standard AS 3745:2010 
(Standards Australia, 2010). Usually the occupants are required to practice the 
implemented procedures at least once or twice per year such as in New Zealand 
(Department of Internal Affairs, 2008). The UK Fire Safety Reform Order requires 
fire risk assessment of buildings from time to time. This assessment will involve the 
development of evacuation strategies and the associated planning and training. The 
employee is required to participate in the practice evacuation and this means that this 
participation is one of the conditions of employment (DCLG, 2007).  
 Gwynne (2008) shows that evacuation procedures need to be inclusive. This 
means that the occupant needs to be consulted and become involved in the 
preparation of their own plan. Guidelines already exist in the UK for the preparation 
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of such a personal emergency evacuation plan (PEEPS44) (DCLG, 2007a) which 
cater for those with certain designated ‘disabilities’.  
 The question can be asked as to whether the term “disability” encompasses 
all the individual characteristics that would place any particular individual at risk 
going down the stairs twice per year. Some of the functional limitations such as 
sarcopenia and its associated causes mentioned by Al-Abdulwahab (1999) may not 
be included or be readily apparent in the definition of disability (e.g. NFPA, 2007). 
Many studies link lack of fitness, especially for those over the age of 40 years, to 
such things as strength and stability (Bergland et al, 2008; Browning and Kram, 
2008 and Corbeil et al, 2001) so that there may be a greater risk to the individual and 
also others in their group in requiring any occupant to use the stairs in every trial 
evacuation which would be held at least once or even twice per annum. This risk 
may be greater than that associated with a lesser frequency which is during an actual 
emergency. This is seen as the research question as discussed in Chapter 1. 
 
2.3 Literature Sources 
  
 The literature was gathered from a number of sources45 that were concerned 
with the study of people going negotiating stairs: 
 
• Health science literature which deals mainly with individual characteristics, 
functional abilities/limitations and functional capacity. 
• Fire safety and science literature where it focuses on both the individual and 
others/ groups in terms of human movement studies.  
• Occupational health and safety literature where it is concerned with 
emergency planning and organisation 
                                                 
44 PEEPS is a fully documented set of guidelines covering the process of preparing “Personal 
Emergency Evacuation Plans 
45 Similar approach used by the author in his contribution to a review article on the impact of obesity 
and functional limitations on stair use in evacuations (Spearpoint and MacLennan, 2012). 
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• Architectural literature on stairs and stair environment as extrinsic issues  
2.4 Health Science Literature 
 This literature source is mainly concerned with the stair user (Individual) 
which is known as a study of the intrinsic issues. It also includes the rights of the 
individual in terms of health and safety.  
2.4.1 Office Workers and their associated activity levels 
The occupants of high rise office buildings (office workers) have a style of 
work that is predominantly sedentary (Steele and Mummery, 2003). Steele and 
Mummery carried out an interesting study that established the amount of energy 
office workers expended each day in the work place as compared with those in 
manufacturing. The amount of energy expended was measured in METS46. There are 
a number of levels of activity that vary in intensity as follows (Australian Institute of 
Health and Welfare, 2003): 
 
• Light Intensity physical activity: Defined as 1-2.9 METS which is taken as 
walking at a comfortable pace in terms of stepping. 
• Moderate Intensity physical activity: Defined as 3 – 5.9 METS which is 
taken as walking at a brisk pace.  
• Vigorous, heavy or rigorous physical activity: Defined as 6 METS+ which 
is taken as running, playing squash, and forms of resistance type training. 
 
 
 
 
                                                 
46 1 MET is the energy expended by an individual sitting quietly which for the average adult is 3.5ml 
of oxygen per kilogram of body mass per minute. 
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Table 2-1: Mean and standard deviation for energy expenditure associated with physical 
activity carried out in the workplace by each occupational category. (Source – Steele and 
Mummery, 2003) 
 
  
Table 2-1 shows the results of the study which shows that the blue collar workers 
(manufacturing) expended 95% more energy during their working hours than the 
white collar workers due to the vigorous nature of their work activity. This study 
(Steele and Mummery, 2003) only examined activity in the workplace. They did 
acknowledge that the white collar workers and professionals could undertake a 
formal or informal exercise regime at home and decrease the risk of the onset of 
obesity and other chronic conditions (Behre et al, 2011 and Bertrais et al, 2005). 
There are studies that have shown that the regular daily use of stairs by workers will 
be of benefit and increase the level of energy expenditure of office workers in their 
workplace (Eves et al, 2008).    
 Obesity and age explain most of the association between physical activity 
and fitness in physically active men (Serrano-Sanchez et al, 2010) so that middle age 
is a natural point at which the sedentary nature of their occupational category is quite 
critical especially when they start to lose strength (Al-Abdulwahab, 1999). Lauretani 
et al (2003) also showed that the number of functional limitations started to increase 
at this point as well. Increasing leisure time exercise at a vigorous level through the 
  
Occupational 
Category 
 
Step counts 
(Pedometer) 
 
MET-min-week. Level of 
expenditure in 
METS – min. 
Professionals 2855.2±945.7 
3987.2±23.8 (1.1) – 
80% less than blue 
collar 
1.9 
White collar 3616.5±1519.2 
3590.1±907.2(1.0) - 
90% less than blue 
collar 
1.71 
Blue collar  8757.4±2540.4 
6704.9±1730.2 (1.9) 
– baseline for 
comparison. 
3.3  
     34
addition of resistance training and stair ascent exercises can reverse the loss of 
muscle mass in middle age as shown in a study by Melov et al (2007).  
 The mature age worker as defined by most authorities as generally being 
over the age of 45 years (Kossen and Wilkinson, 2010). Some mature age worker 
studies also reveal that over 25% of these workers (Government of South Australia, 
2008) will have some kind of functional limitation47 which agrees with the findings 
noted in the previous paragraphs.  
 
2.4.2 The Individual – legal obligations of the building owner and the 
 employer. 
   The review shows that there is a legal obligation for the employer and/or 
the building owner to provide a safe place of work for each and every worker (US 
2009 and UK-ATL, 2011) and that this obligation extends to all workers48. The 
provision of a safe place of work therefore applies directly to making provision for 
safe evacuation in event of an emergency. There are numerous guidelines available 
for the employer or building owner and their experts to provide a meaningful 
inclusive set of evacuation procedures (Standards Australia, 2010; NFPA, 2007; and 
DCLG, 2007) that most likely will cater for the mature age office worker and all 
those with functional limitations that may compromise their stair descending ability. 
The employer needs to be careful in terms of their duty under the law and their 
potential liability in requiring an individual to go down the stairs during a trial 
evacuation once or twice per year when the individual may not be able to cope with 
the physical challenge. A structured evaluation of a worker’s ability to go down 
multiple flights of stairs as part of a trial evacuation exercise should form part of a 
worker’s assessment to make sure that their functional ability match the needs of 
their job (Matheson, 2003). 
                                                 
47 Functional limitations such as impared mobility, lack of descnt confidence due to increased postural 
sway, increased stress due to the onset of anxiety disorders such as agoraphobia or increased fatigue 
due to lack of fitness (Booth et al, 2002) 
48 US – Americans with Disability Act; UK – Equal Opportunity Act 2010;  and Australia – Federal 
Disability Discrimination Act   
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2.4.3 The Individual – general issues in functional ability and           
 limitations. 
 
 
Impairment
Functional 
Limitation
Worker 
Role 
Demands
Occupational 
disability  
 
Figure 2-1Assessments of a work disability requires knowledge about the demands of the 
worker role and the functional limitations of the worker as an individual.            
Source: Matheson (2003) 
 
 Matheson (2003) developed a model of functional capacity evaluation 
(FCE) which is described in Figure 2-1 above. The worker role demand would be the 
mandatory participation in a trial evacuation. The term impairment would include 
any condition that the employee may consider to qualify as a functional limitation 
that would impact on their ability to descend the stairs as a first choice. The net 
outcome would be classified as an occupational disability or as a functional capacity 
descriptor that could be used to develop an alternative safe method of evacuation. 
There are engineering science studies that show in a study of the WTC 9/11 incident 
that an individual’s functional capacity (occupational disability) did not prevent them 
from descending multiple levels of stairs to safety (Shields et al, 2009 and Galea et 
al, 2008). Galea et al (2008) did qualify this finding as being a specific one because 
the individuals were able to rest on the stairs because of delays and the slow 
movement due to overcrowding. Other affects gathered from studies of emergencies 
(e.g. Proulx and Reid, 2006) show the impact of poor information causing confusion 
which increase the stress but still do not appear to diminish the onset of altruistic 
behaviour.   
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 There is also the strategy of self designation where an occupant with severe 
mobility issues organised her own method of evacuation. She firstly organised a 
group of buddies to be part of the exit strategy for her floor and had them trained in 
the use of her evacuation chair. Using this system she was able to exit the buildings 
safely via many flights of stairs without causing any delays (Zmud, 2007). This is 
also confirmed by a further study carried out by Adams and Galea (2010) which 
showed a descent speed of 0.5m/s plus49.  
  
Walking Speed and functional limitations 
 Individuals may be able to walk and descend stairs at certain speeds as 
measured in standard 6-10 metre walking tests (Fritz, 2009 and Graham et al, 2008) 
but these tests on their own do not necessarily reflect the individual’s walking ability 
which relies on strength, endurance, stability and many other factors (Al-
Abdulwahab, 1999). Fitness is not the only issue. Other conditions such as age, 
gender and obesity and other co- morbidities may limit their walking ability 
(functional capacity) (Bohannon, 1997; Ayis et al, 2007 and Kang and Dingwell, 
2008). Ayis et al (2007 also show the impact of distance in Figure 2 2 below: 
 
 
 
                                                 
49 Adams and Galea (2011) only tested a 75Kg chair. 200Kg test carried out by Author and described 
in Chapter 7 with same positive result.                                                   
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 (a) Age category in years versus reduced walking speed 
Source: Ayis et al (2007), Table 1, pp. 1907. 
 
(b) 
 
 
(b) Maximum walking time and associated speeds 
Figure 2 2: Walking speeds, age and walking ability 
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 Figure 2 2(a) shows the reduction of walking speed increases with age50. 
Figure 2 2(b) may be confusing to interpret but those study participants who were 
able to walk for a longer period of time were those with the greater walking ability 
and fewer functional limitations. Walking ability relates to time they were able to 
walk for without a rest and distance they covered during that time. The less time 
spent walking illustrates a reduced walking ability. The study (Ayis et al, 2007) also 
showed that as the participants’ age increased together with the number of 
impairments their walking ability decreased i.e. walking speed versus time spent 
walking which translates into distance covered in a certain time. This relationship 
can be clarified further by the relationship between walking speed and specific health 
conditions in Figure 2 3 below (Ayis et al, 2007): 
 
 
 
Figure 2 3:- Health conditions or impairments vs. walking speed 
Source: Ayis et al (2007), Table 1, pp. 1907. 
 
  
                                                 
50 Also described in other studies as those of Bohannon (1997) 
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 Figure 2 3 (Ayis et al, 2007) shows rheumatic conditions, cardio-vascular 
problems and reduced vision can reduce walking speed.  Hulens et al (2003) show 
that obesity associated with other health conditions can also affect walking speed and 
ability especially in terms of capacity and this is where a link may be possible with 
the engineering science study of Peacock et al (2009) where distance that an 
individual had to go down the stairs was found to be a major predictor of descent 
speed. This is also supported by other engineering science databases (Fahy and 
Proulx, 2001). Walking speed is therefore a good predictor of an individual’s 
walking ability or functional capacity (Fritz, 2009). This was also further supported 
by the PhD Study Delphi Group (see Chapter 6). 
 
Age and functional limitations 
Ayis et al (2007) showed that walking speed reduces from the age of 45 
years onwards from 0.97m/sec to 0.75m/sec at 65 years. Much of this is to do with 
musculo-skeletal pain in the lower limbs. Other studies also show a similar 
relationship in terms of the loss of strength and linked this with a reduction in 
walking speed (Al-Abdulwahab, 1999 and Lauretani et al, 2003). Strength plays a 
vital part in stair descent as can be seen in a study of individuals negotiating stairs at 
different inclinations. As the inclination of the stairs increased the amount of power 
concentrated in the joints also increased (Riener et al, 2002). Grip strength correlates 
strongly with age and the number of functional limitations (Rantanen et al, 1999) and 
stair climbing ability. A reduction in grip strength can be seen as a reduction in 
ability to prevent a fall on the stairs by means of taking hold of the handrail (Maki et 
al, 1998). Reeves et al (2008a) showed that stair users can compensate for this and 
increase their confidence in descent by placing their hand on the handrail. 
Physical Activity and functional limitations 
Adiposity and age can explain most of the relationships between age and 
fitness in physically active men (Serrano-Sanchez et al, 2010)51. A basic outcome of 
                                                 
51 This change may not be so marked in women according to a study by Van Pelt et al (1998) but it is 
s relationship that still exists. 
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a sedentary lifestyle is obesity and this can be associated with and indirectly lead to 
the onset of many chronic conditions such as cancer, coronary heart disease, 
hypertension, Type 2 diabetes, and neurological disorders (Booth et al, 2002).  He 
and Baker, 2004 carried out a longitudinal study concerning the level of activity 
measured over a number of years. They showed that those participants who were 
obese at baseline increased in mass over the span of the study. This increase in mass 
comprised the build-up of adipose tissue around the mid region of the abdomen 
which can increase body sway because of the reduced walking speed. The questions 
asked in the He and Baker study (2004) were mainly to do with the respondent’s 
degree of fitness and the type of movement e.g. walking or stair climbing.  
Increases in fat mass correlate well with a high level of significance 
(p<.001) with reduced walking speeds (Hulens et al, 2003). A classification system 
developed by WHO (2011a) does not rely on fat mass but on body mass as a 
function of an individual’s height squared. This relationship is known as the Body 
Mass Index (BMI). WHO (2011a) published an international BMI classification 
scale: 
 
• < 17.5 Anorexic 
• 17.5-18.5 Underweight 
• >18.5<25 Optimal 
• 25-30 Overweight 
• >30<40 Obese 1-2 
• > 40 Morbidly Obese 
 
 Mchurchu et al (2004) showed that there is a relationship between BMI and 
the number of associated functional limitations measured over the Asia-Pacific 
region which included Australasia. A BMI of 35 and above will severely restrict an 
individual’s walking ability or speed as shown in Figure 2 4 below 
     41
 
 
Figure 2 4:  BMI vs. walking speed (redrawn from Hulens et al (2007) 
As suggested by Booth et al (2002) obesity is a metabolic condition due to a 
sedentary lifestyle. As an individual’s BMI or fat mass increases the lower limb 
maximal power increases (Sartorio et al, 2004). The descent of stairs therefore can 
pose a problem for individuals with this condition and they will most likely require 
rest stops along the way. Riener et al (2002) reinforces this finding where they found 
that the power concentrated in the joints increased as the inclination of the stair 
increased. Peeke (2007) would place individuals in this category as most likely being 
incapable of surviving the physical challenge of stair descent beyond a certain height 
but in an engineering science study by Galea et al (2011) they reported that only 8% 
of their respondents descending the stairs when evacuating Towers 1 and 2 of the 
WTC reported resting due to fatigue. This percentage is still significant but they 
(Galea et al, 2008) do concede that the need for other respondents to rest may have 
been offset by the delays due to people entering the stairs and also the number of 
people on the stairs at any one time with the resultant slow descent speed (Galea et 
al, 2008a). This is the situation during an emergency as the WTC 9/11 incident was 
an emergency. The situation can be exactly the same in trial evacuations due to 
merging (Boyce et al, 2009). 
Stability and functional limitations 
Stel et al (2003) show that the number of functional limitations affects the 
prediction of the risk of falling. Menegoni et al (2009) support this finding when 
they show that as the amount of fat mass increases around the abdomen area so does 
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the amount of body sway thereby affecting the maintenance of postural stability. 
Menegoni et al (2009) also show that strength plays an important part here in the 
way the ankles finally have to accept the load when stepping. Moody (2000) also 
shows that musculo-skeletal pain in the joints can have an impact on postural 
stability in association with obesity.  
Vision impairment increases with the 40+ age group (Leonard, 2002) and a 
test carried out by Hue et al (2007) shows how poor vision combined with morbid 
obesity can further increase the risk of falling or confidence in descending the stairs. 
MacLennan has further demonstrated in a subsidiary study (2008) that body 
space has increased along with obesity from 0.28m2 to 0.44m2. Australian data also 
supports this increase in spatial requirements (Montgomery and He, 2011). This                                                                             
supports the case for wider stairs put forward by Pauls, Fruin and Zupan (2007) but 
does not address the increased need for handrail access where two handrails may be 
required52.   
Stair climbing performance 
Balance confidence’ and other neurological conditions may affect gait 
(Verghese et al, 2008).  
 
 
Figure 2-5: System for maintaining stability - the inter-relationships  (Source: Lord et al, 
2007) 
                                                 
52 Observation from the Author’s 1980 Research Project which is included in the database for the 
Exploratory Case Study to be analysed in Chapter 5. 
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Climbing steps not only places demands on the cardiovascular and 
musculoskeletal systems but also requires input from other systems such as vision, 
vestibular and somatosensory systems (see Figure 2-5). As people age these systems 
deteriorate (Hamel et al, 2005). Climbing steps depends on the strategy learnt by the 
user (Roys, 2006). If the user or person is in a hurry or does not focus then they are 
not in control and may fall. This can be the case with a slow mover in a fast moving 
group which can occur in a lightly populated building or where a sequential 
evacuation is planned53. In this case vision can be crucial in the successful climbing 
of any set of stairs (Startzell et al, 2000).  
Bergland et al (2008) see the successful climbing of steps as: 
 
• Generation of concentric muscle forces to “propel” the person up the steps. 
• Generation of the necessary eccentric muscle forces to control the body 
going down the steps especially in terms of controlling the body’s centre of 
mass with a constantly changing base of support forming part of the 
“action” component of the Templer construct (1992). 
• The capacity to adapt strategies to control posture/ stability when the steps 
and their surrounds result in steps being steeper or support not being 
available due to the absence of a reachable handrail due to distance or 
obstruction by another person in the group. 
 
The role of vision may be crucial but it is the degree of focus on the task in 
hand and maintaining their posture that will determine if the person will be 
successful. The task of climbing can be divided into three phases as for walking 
being stance, swing phase and a period of double support as shown in Figure 2-6 
(Trew, 2005). It is similar to the activity of walking in terms of the movement of the 
                                                 
53 Sequential evacuation is when entry into the stairs is in a set sequence with an appropriate time 
delay in between each permitted entry. The idea is to limit the hazards due to overcrowding. 
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joints and action of the muscles. As a task the climbing54 of steps (Figure 2-7) is far 
more demanding than walking due to the increase in the range of movement on the 
lower limbs especially the joints and therefore their structures need to be fairly 
robust if the climbing activity is to be safe (Costigan et al, 2002).  
 
Figure 2-6: Example of 3 phases taken from Trew and Everett (2005) pp. 188 
 
There is a single stance phase in the climbing54 of steps when the body is 
vulnerable. This is because the “base of support” is extremely small (Trew 2005). 
The vertical relocation of the centre of gravity also occurs during the single stance 
phase so that this requires a great deal of strength, one of the main systems required 
together with the vestibular system to remain stable (Trew 2005).  
Climbing down the steps is an extremely dangerous task in that it results in 
75% - 80% of falls on steps (Bergland et al, 2008; Tiedemann et al, 2007; Ozanne-
Smith et al, 2008; and Reeves, 2008). Going down the steps (Templer, 1992) the 
individual starts by placing the leading foot near to or on the first nosing of the 
                                                 
54 Climbing in this instance includes both ascent and descent 
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flight55 at the junction with the landing. Relying heavily on visual and 
somatosensory inputs they allow their back foot to swing into the air over the line of 
the first nosing ready to be placed on the first step. At the same time the climber 
bends the knee of the supporting leg and raises the heel off the landing or path. The 
other foot is adjusted for position based on somatosensory feedback and placed on to 
the step. At this point the mass is transferred on to the new leading foot. The rear 
foot is now lifted off the step above and swung over the next two nosings. The 
clearance by the toe above the nosings will once again rely heavily on the 
somatosensory feedback amongst other things and ageing can impact on the 
performance of these systems (Hamel et al, 2005). Uniformity of riser height is also 
critical as it is in ascent because as the climber continues on down the flight they 
learn from the proprioceptive feedback they receive (Roys, 2006). Problems can 
arise when the individual’s vision is obstructed by others or there is lack of 
definition or contrast between the steps and handrails (Alderson, 2010). 
Stair descent therefore calls upon contributions from vision, peripheral 
sensation systems, vestibular senses, muscle strength and reaction time as well as 
using cognitive skills to process the associated extrinsic information from the stair 
construction, configuration and shaft environment. These functions start to 
deteriorate from 40 years onwards and begin to increase the likelihood of falls. 
Increasing the level of fitness as part of a structured programme can assist (Peeke, 
2007). 
Neurological disorders are a group of conditions that involve the central 
nervous system (CNS) and the peripheral nervous system (PNS) (Patts, 2000). Any 
impairment will decrease the individual’s capability to safely climb steps seeing 
without adequate training the risk of falling due to a misstep, stumble or slip will 
increase (Startzell et al, 2000). Researchers have shown that neurologically intact 
people adapt movement strategies they use for going down steps in response to 
changes in sensory information they receive about the descent task (Shumway-Cook 
and Woollacott, 2007). The somatosensory system is as shown in Figure 2-5.The 
somatosensory system is part of the PNS (Patts, 2000). The awareness of the position 
                                                 
55 See double support in Figure 2-6 
     46
of our limbs and joints in space is provided by information from various receptors in 
the joints and the muscles passing over the joints (Lackner and DiZio, 2000). Vital 
information is also received from the head, hands and feet. The feedback from the 
feet for example is vital for descending and ascending steps as well as walking as it 
tells the person in combination with visual cues where to place the foot even to the 
point that the foot is accommodated on the tread (Roys 2006). This feedback process 
is known as proprioception (Shumway-Cook and Woollacott, 2007). The first step in 
the flight therefore requires complete focus. As the person proceeds up or down the 
steps they learn from the information and may adopt a strategy thinking that all the 
steps will be the same (Roys 2006). If the visual cues are limited then proprioception 
can still be used to “feel” the position and location of the next tread in space and a 
decision can be made to modify the gait pattern (Shumway-Cook and Woollacott, 
2007).  
The somatosensory system can be impacted by neurological disorders as it 
is part of the PNS (Patts, 2000). These disorders in older people can take the form of 
dementia, movement disorders, muscle and neuromuscular junctions as well as the 
PNS itself. Epilepsy is an example. These disorders can be characterised by losses in 
co-ordination, delayed muscular response, cognitive difficulty and dysfunction, and 
most of all signification reduction in the somatosensory system which will affect 
proprioceptive feedback from the steps themselves (Startzell, 2000).  
 
2.5 The Individual – Co-morbidities  
A co-morbidity in this context is synonymous with a health condition or 
impairment which can be made worse by a sudden increase in the level of energy 
expenditure e.g. going down multiple flights of stairs as part of a trial evacuation. 
This can be linked directly with the impact of the group where the individual 
increase their gait because they are too embarrassed to ask the others to slow down. 
In doing so, they increase their risk of falling43. 
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2.5.1 Obesity 
Obesity is linked to a number of chronic diseases such as hypertension, type 
2 diabetes, some types of cancer, osteoarthritis, osteoporosis, and coronary heart 
disease (Ewing et al, 2003). In the US 31.1% of people over the age of 60 years were 
obese in 2003-2004 (Ogden et al, 2006). The rate of obesity in the 40-59 age group 
was even higher being 36.8% (Ogden et al, 2006). In the UK the rate of obesity has 
trebled since the 1980’s and over 50% of the population are either obese or 
overweight (Melzer et al, 2006). The same study also demonstrates how obesity, 
which is now classified as an impairment under the WHO classification framework 
(Forhan, 2009), reduces life expectancy for adults <70 yrs. by 6-7 years.  
In summary morbid obesity (BMI>35) has been included as part of the 
objectives because of its association with other co morbidities and the impact these 
can have on the functional capacity of the individual to successfully go down the 
stairs. 
2.5.2 Musculo-skeletal  
Musculoskeletal pain experienced by obese and morbidly obese women 
exceeds that experienced by their leaner counterparts after completing the 6 minute 
walk test (34.9% as compared with 11.4%) (Hulens et al, 2003). A further study 
showed that musculoskeletal pain did not necessarily limit the number of activities 
undertaken by older women but that in certain instances it accounted for them having 
difficulty climbing steps (Leveille et al, 2007). Although this mainly applies to older 
women its impact is relevant in the 50+ age group. This can be confirmed especially 
when the activity involves climbing up a flight of steps where the most striking 
difference between this activity and level walking was when the peak patella-femoral 
contact force increased by a factor of eight (Costigan et al, 2002).  
Joint flexibility is the one that is most affected by joint seizures such as 
osteoarthritis and rheumatoid arthritis. Isaacson et al (1988) shows the impact that 
this can have on the climbing of steps and that it was the knee that had the most 
impact.  
When joint disease is associated with loss of strength and is also due to 
ageing then the pitch of a flight of steps is quite critical. Riener et al (2002) shows 
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that there is an increase in the power exerted through the lower extremity joints as 
the inclination increases and that an inclination of 37 degrees could be quite 
uncomfortable for those with arthritis.  
Musculo-skeletal conditions are therefore considered to be a co-morbidity 
that should be included with the objective that tests the aim of physical fitness vs. 
distance traversed down the stairs. 
 
2.5.3 Cardio-vascular 
Fjelstad et al (2008) studied a group of non obese and obese people with the 
following metabolic conditions (Table 2-2) 
 
 
Condition Obese (N= 128) 
Mean mass = 100.5Kg / 
Mean BMI = 35Kg/m2 
Non Obese: (N= 88) 
Mean mass = 63.5Kg/ 
Mean BMI = 22.8Kg/m2 
Hypertension 51% (2.2X)* 23% 
Diabetes 13% (2.9X)* 4.5% 
Hyperlipidaemia 48% (1.5X)* 31% 
Fall history 27 %(1.9X)* 15% 
Table 2-2: Subject characteristics in Fjelstad et al (2008) Study.          
Indicates factor by which the condition is prevalent in the obese group as compared with the 
non-obese. 
 
The two groups in Table 2-2 were of a similar height and the differences in 
the BMI were highly significant (p<.001). The conditions correlated relatively well 
with BMI and therefore collectively with functional capacity including the rate of 
falling. These conditions are generally classified as metabolic conditions (Booth, 
2002). 
Any cardio-vascular condition such as hypertension, Hyperlipidaemia, 
reasonably advanced Type 2 Diabetes (with peripheral neuropathy) and where the 
individual had an associated history of falls studies such as Fjelstad et al (2008) 
would indicate that any cardio- vascular condition could comprise more than a single 
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co-morbidity and therefore should be used as an objective to test the aim of fitness 
vs. distance as a measure of stair descent capacity. 
 
2.5.4 Vision 
The visual system also plays an essential role in providing people with 
information about where their bodies are in space i.e. “visual proprioception” 
(Shumway Cook and Woollacott, 2001). The visual system therefore reinforces or 
confirms information sensed via the somatosensory system. (Lord, 2007). It helps to 
the individual to maintain their balance by continuing to provide them with 
information about their motion and so the “visual proprioception” feedback 
continues (Lord, 2007). Impaired vision can be associated with postural sway (Lord, 
2007). Menant et al (2008) reveal that when people stand with their eyes closed their 
sway increased by 20-70% thus substantiating the above considerations. 
Simoneau et al, (1991), studied the impact of degraded visual acuity on foot 
clearance between steps. There were three conditions, one where there was no 
marking of the nosings, one where each step was slightly defined and the last where 
the nosing was marked by a 38mm wide contrasting stripe. As the step definition 
increased so did the cadence, foot placement and clearance. With less step definition 
the person adopts a more cautious approach and places the foot further back on the 
tread and increased the height of the foot clearance in mid swing phase. Startzell et al 
(2000) explain the relevance of visual acuity and contrast sensitivity by suggesting 
that the visual field can be subdivided into the focal or central field and the 
peripheral field. The focal field serves the functions of visual acuity, contrast 
sensitivity, colour, pattern and obstacle discrimination. Visual acuity tests measure 
fine detailed vision; contrast sensitivity tests assess the ability of a person to detect 
edges under blurred or low contrast conditions (Lord. 2006). A loss in edge contrast 
sensitivity which can quite easily happen to older people may result in tripping over 
steps and other obstacles (Lord, 2006). Another central or focal field function that is 
even more critical is the use of their stereoscopic vision to define depth and distance 
(Startzell et al, 2000). Impaired stereo acuity or depth perception has a strong 
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association with falls for older people (Lord, 2007). The age group of 55years and 
above is included here (Lord, 2007).  
Gaze stability refers to the stabilization of the eye in space in order to see 
clearly. As a person climbs a flight of steps or even walks across a level surface the 
head will move (Herdman, 1997). The more an individual’s head moves the more the 
vision blurs. Blurred vision is just poor visual acuity. A study carried out by Buckley 
et al (2005) showed that people with blurred vision were more cautious and tended to 
“feel” their way down the steps. Further Buckley et al (2005a) shows that the 
medial-lateral stability problem that older people and mature office workers have is 
further compromised by blurring vision especially when climbing down the stairs 
(Marigold, 2006) 
The use of eyewear can affect depth perception (Studenski and Wolter 
2010). In fact, Studenski and Wolter (2010) show that any form of visual impairment 
can contribute to instability. The single or unexpected step is considered to be a risk. 
Cowie et al (2008) show that there is a visuo-motor process that a person uses to 
control a single step. In fact, Cowie et al (2008) showed that a person can actually 
“scale” the height of the riser as a function of the anticipated height that their knee 
will “drop” to the next level. Blurred and monocular vision can significantly affect 
scaling so that single steps are clearly a hazard. Even short flights of two or three 
steps appear to cause problems (Templer 1992). Single steps should be avoided as 
part of a multiple flight system where there is a change in flight length or at a point 
where the stair shaft changes location e.g. from high rise to midrise section. 
The use of multi focal glasses can severely impact depth perception 
(Menant et al, 2008). This issue should be raised with individuals who wear multi 
focal glasses especially where steps are not clearly defined and the goings are less 
than 280mm.  
Based on this section any type of vision impairment needs to be seen as co-
morbidity especially in relation to the risk of falling and/or stability. The presence of 
others on the stairs will interfere with visibility of the steps and the availability of the 
handrail will be crucial. It therefore needs to be part of the co-morbidity objective 
used to test the aim of fitness vs. distance traversed down the stairs and also 
triangulated against the extrinsic factors of the stairs and stairwell. 
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2.5.5 The vestibular system and stability or balance 
The reader is requested once again to refer to Figure 2-5 showing a 
schematic working of the systems governing balance.  
The vestibular system is located in the inner ear and comprises the non 
auditory part of the ear that is responsible for a person’s awareness of the orientation 
of their head in terms of gravity and its linear and angular acceleration (Trew and 
Everett, 2005). It therefore helps a person to maintain their: 
•   Posture 
•   Joint stability 
•   Balance 
•   Bi-lateral co-ordination (using both sides of our body which is especially 
the case for step over step climbing of steps. 
•   Awareness of body position 
•   Gaze vision (focus) and attention 
•   Rhythmic movement.  
The vestibular system works in tandem with the somatosensory and vision 
systems but can adapt when the other two systems are impaired e.g. walking on 
uneven ground in the dark. The vestibular system is trainable as it is evidenced in the 
rehabilitation of patients recovering from a middle ear infection. Therefore if any 
one of the other two systems be impaired then vestibular system can be trained to 
compensate.  
Balance is the maintenance of stability. Vertigo and dizziness or “light-
headedness” are the main vestibular disorders that may require attention 
(Bredenkamp, 2009). Normally a person receives information from the 
somatosensory, vestibular and visual system at the same time. When there is a 
mismatch it can itself create a sensation which is commonly described as vertigo, 
dizziness or disorientation (Yardley, 1994). If the mismatch is attributable to an 
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intrinsic dysfunction then the condition is usually labelled as vertigo (Yardley, 1994 
and Bredenkamp, 2009). The overall incidence of dizziness, vertigo and imbalance is 
5-10% increasing to 40% in people above 40 years of age (Samy and Hamid, 2010).  
Yardley and Redfern (2001) in reviewing evidence of psychological factors 
interfering with recovery from conditions such as dizziness and vertigo show up 
some connections between heightened anxiety and complaints of dizziness. A 
common response to bouts of dizziness is to avoid the activity entirely. Anxiety56 
can also increase the degree of a balance disorder.  
A vestibular disorder may not be readily apparent such as the onset of 
dizziness which can be exacerbated with the amount of activity associated with the 
descent so that it needs to be considered as a co-morbidity objective that will be used 
to test the aim of fitness vs. distance traversed in descent.  
                                                 
56 Heightened anxiety is known as Agoraphobia and an instance of this is described in the Exploratory 
Case Study in Chapter 5. 
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2.6 Others on the Stairs (Group) 
 This section will deal with group dynamics in trial evacuations and 
mainly draws on cognitive science and engineering science literature. 
 
2.6.1 Group formation, dynamics and cohesion in general 
It is necessary at the onset to examine the social and organisational 
context of the occupancy on each floor or group of floors in each building so as 
to discover the unique characteristics of how the groups are formed in event of an 
emergency or trial evacuation (Jones and Hewitt, 1985). There is a clear 
distinction that can be drawn between the situational and authoritative formation 
of groups and their leaders (Jones and Hewitt, 1985).  
Templer (1992) discusses the phenomena of “platooning” associated with 
groups at the point of entry. The group may form either on the floor or at the 
entry to the stairs. There may already be a group coming down the stairs but they 
could quite well defer if the group from the floor has already started to enter. The 
opposite can happen. It all depends on the size and amount of interaction within 
the group according to a series of experiments carried out by Knowles et al 
(1976). Templer (1992) however goes one step further by showing that even 
smaller groups will still “appear” to occupy the full width of the stair at the entry 
point. Depending on the amount of interaction within the group this will also 
affect its “permeability” (Knowles et al, 1976). Other stair users may therefore 
slow down when they estimate that the group in front of them is impermeable. 
Merging patterns therefore will depend on the configuration of the stairwell 
especially in terms of the positions of the entry points in relation to the stairs 
(Boyce et al, 2011).   
The emergency response plan and procedures may define the 
authoritative group formation under a specific set of procedures as defined for 
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example under a guideline document or standard such as AS 374557 (Standards 
Australia, 2010).  
In an uncontrolled evacuation (Pauls, 1988) all floors are evacuated at 
the same time and the occupants are permitted to enter the stairs when they are 
ready to do so. The formation of the group in this instance falls into three 
categories (Jones and Hewitt, 1985); 
 
•   Social bonds – friendships between workers 
•   Organisational structure/ work team – interaction between the structure/ 
team and the individual’s role 
•   Location in the building at the sounding of the ‘alarm’ and proximity of 
others – situational. 
 
Jones and Hewitt (1985) focus on leadership or decision making. They 
argue that the leadership of a group may correspond to the roles assigned by the 
organisation. Group formation may be situational or will comprise a group of 
friends or colleagues. Regardless of the way the groups are formed they tend to 
behave mostly in an altruistic fashion when others require assistance (Dwyer and 
Flynn, 2004).  
 There are also instances where there has been lack of practice or training 
that group formation will be more situational as shown in survivor recollections 
from the WTC9/11 Incident (Dwyer and Flynn, 2004). It is interesting to note 
that up to 27% of the WTC9/11 respondents studied by Fahy and Proulx (2005) 
                                                 
57 AS 3745 is an official standard where standardised strategies for evacuations are set out 
especially in terms of sequential and uncontrolled evacuations. They also set out the structure of 
the emergency team and the roles of the members.  
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were influenced by authority figures which were defined by the corporate 
structure of their organisation. 
McConnell et al (2010) provide some interesting information on group 
formation from the WTC 9/11 incident under an activity they called “grouped 
together”. The global percentage of occupants undertaking this activity was 
approximately 14%. A potential leadership pattern emerged comprising those 
with either a fire safety or managerial role. The formation of groups increased on 
the upper floors. Perhaps this may have been due to their perception of risk. 
Aguirre et al (2011) argue that behaviour in emergency incidents should 
therefore be explained by group level considerations so  that emergency 
evacuation training perhaps should make use of this finding as shown by 
Gershon et al (2007) in feedback provided by WTC 9/11 incident survivors. 
The issues discussed in this section will need to form part of the 
objective that will be used to test the aim of fitness vs. distance to be traversed.  
 
2.6.2 Altruism 
Fahy and Proulx (2005) provide strong evidence to support altruistic 
behaviour when they mention that many of the survivors from the WTC 9/11 
incident reported that they had helped other people down the stairs regardless of 
where the groups were formed. Based on an analysis of assisted evacuation 
carried out by Adams and Galea (2010) the descent speed of the group assisting 
would be reduced by over 30% without accounting for any other fatigue factors. 
An individual requiring assistance could arrange with the members of the group 
for them to assist so that this group could practice this assistance. An example of 
the use of the above device in the WTC 9/11 incident has been reported by the 
National Fire Protection Association (NFPA, 2007 and Zmud, 2007). 
The above example shows the need for this risk to form part of the PhD 
study only in terms of the likelihood of such an individual insisting under a 
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PEEPS58 regime (DCLG, 2007a) that they have the ability to evacuate using the 
stairs without assistance and possibly placing others at risk. The author has also 
selected the contents of a facilitated blog site (Parker-Pope, 2008) dealing with 
the use of stairs during trial evacuations. One of the core consistencies of this 
discussion was the absence of altruistic behaviour tendencies amongst some of 
the participants. The author intends to analyse this record of discussions in 
Chapter 6 in association with Focus Groups. 
 
2.6.3 Merging behaviour 
Zmud (2007) reports that during a building evacuation via the stairwell 
one third of the respondents to their survey would be prepared to give way to a 
group of people coming down the stairs from the storey above. Boyce et al 
(2011) state that as a result of three evacuation drills they conducted in their 
study that the merging was about 50:50. The patterns over the merging period 
were different. These differences were due either to the configuration of the 
approach of the group entering from the floor and those descending from the 
floors above or the manner in which groups gave way to each other. This aspect 
also needs to explore the group dynamics as well in terms of the group size and 
distance between them at the likely point of merging as the pattern of deferment 
can also depend on size and degree of separation (Knowles et al, 1976). 
Merging depends on the evacuation strategy i.e. uncontrolled stair entry 
as shown in Figure 2-7 where one group may quite well defer to the other and in 
a sequential stair entry where the sequence is defined by the emergency plan 
(Pauls, 1984) as shown in Figure 2-8 below: 
 
                                                 
58 PEEPS is an abbreviation for a personal emergency evacuation plan and is needed especially 
for all those with functional limitations.  
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Figure 2-7: Traces of Occupant Movement Showing Mixing and Merging at Entry to Stairs 
(Source: Pauls, 2004, Figure 3)  
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Figure 2-8: Idealised sequential evacuation commencing at ground floor with stair wardens 
allowing first person into stair once the last person from the floor below has started to 
descend (Redrawn and modified from Pauls, 1985) 
 
From studies such as Dwyer and Flynn (2004) deferment may not be an 
individual decision but possibly a group decision. Deferment behaviour is also 
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confirmed by Boyce et al (2011) and can be defined by the footprint of the 
stairwell. Pauls (2004) states that there may also be cultural differences e.g. level 
of courtesy. Congestion will increase as more and more individuals access the 
stair as there are spatial factors e.g. personal space requirements, which come 
into play (Fujiyama, 2005). Descent speed may slow down as a result of this and 
also because of the delays caused by the merging behaviour.  
 
2.6.4 Can groups constrain flow or is it just the number of people? 
Up to 70% of crowds move in groups (Moussaid et al, 2010). It is 
therefore quite feasible that the descent speed of a group could be determined by 
the slowest mover based on the social interaction. Fahy and Proulx (2001) show 
typical walking speeds for people with functional limitations that are much less 
than those defined by density or the number of people on the stairs. Proulx et al 
(2007) also confirm the impact of the slow mover in a trial evacuation exercise 
where there were two individuals who were distinct slow movers where the 
resultant descent speed was much less than that associated with the measured 
density in the stairs.  
Galea et al (2011) maintain that as density increases there is a point 
where other characteristics such as fatigue and obesity can be masked. It is 
argued that the same applies in the case of a group with a slow mover. Density 
has normally been shown to directly impact on walking speed as shown in Table 
2-3(Pauls, 2004).  
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No. of 
persons 
Density 
(persons per 
m2) 
Speed 
(m/sec) 
Flow 
(persons/ 
sec) 
4 0.45 1.3 0.82 
6 0.68 1.2 1.14 
8 0.91 1.1 1.4 
10 1.13 1.0 1.6 
12 1.4 0.9 1.8 
18 2.0 0.6 1.7 
24 2.7 0.3 1.13 
 
Table 2-3: Speed vs. Density and Flow (Pauls, 2004) 
 
  
Table 2-3 can be redrawn as a graph (Figure 2-9) and slow mover 
speeds superimposed on it so as to highlight the impact a slow mover could have 
on others following them down the stairs. A large group or platoon would then 
form behind the slow moving group giving the impression of an increase in 
density (Templer, 1992).   
 
Figure 2-9:- Speed vs density - slow mover comparison                
(Drawn from Table 2-3 with mean unimpeded walking speed for individual with walking stick 
and walking frame for comparison only) 
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 Slow movers can therefore determine the descent speed of the group. 
This could annoy others following them down the stairs especially if the slow 
mover is obese. Group attitudes in trial evacuations may have an impact on the 
individual especially if they cause a delay59 (Parker-Pope, 2008). This is further 
confirmed indirectly by Puhl and Brownell (2001) and directly by Puhl and 
Heuer (2009) via statements such as; 
 
“Obese individuals are highly stigmatized and face multiple forms of prejudice 
in the United States ……The prevalence of weight discrimination in the United 
States has increased by 66% over the past decade……”     
(Puhl and Heuer, 2009, pp. 941). 
 
 
 The above attitude, however, is contradicted by the altruistic behaviour 
shown by some survivors from the WTC 9/11 incident (Dwyer and Flynn, 2004). 
It should still be borne in mind should the resultant delay be longer than the 
following group is prepared to wait that this type of antagonism may occur as 
shown in an on line chat room Parker-Pope (2008) hosted on evacuations by 
stairs.  
 
2.6.5 Risk of Groups to their Members 
 Kang and Dingwell (2008) show that reduced walking speed with ageing 
does not necessarily improve stability but they did provide a reason for older 
people decreasing their walking speed. The strategy was to improve visibility. 
There is still a possibility that individuals will fall if they “rush” (Templer, 1992) 
due possibly to lack of focus and therefore visibility. Groups do however 
increase density in the immediate area they occupy and also partly obstruct the 
                                                 
59 Reactions are normally altruistic as per Dwyer and Flynn (2004) except that this finding may 
not be capable of being generalised across all incidents. Parker-Pope (2007) shows that this may 
be the case based on inbuilt community attitudes.  
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view of other members. If the member of the group is a slow mover that is too 
embarrassed to ask the others in the group to slow down then they may quite well 
attempt to keep up with the group and “rush” as a result. Bohannan (1997) shows 
the variation in walking speeds for adults between 20-79 years. Ayis et al (2007) 
shows the impact of age and other functional limitations on walking ability. 
Walking capacity / ability also relies on strength, endurance and stability (Al-
Abdulwahab, 1999) so that as the distance to be traversed increases60 the descent 
speed slows due to fatigue and/or loss of strength and the risk of falling increases 
(Lord et al, 2007). Keeping up with the rest of the group therefore requires 
greater effort and increases the risk of falling. The other functional limitations 
are usually a sign of reduced walking speed (Fritz, 2009) will contribute to the 
risk as well. 
                                    
2.7 Stairs – Environment and Construction. 
 The literature sources for this section are from the fields of engineering 
science and occupational health and safety. 
2.7.1 Stair geometry and pitch 
 Roys (2006) of the BRE determined that the most critical factor in 
stair descent was the width of the stair tread or going61 as defined in - Figure 2-
10 below: 
 
 
                                                 
60 Distance to be travelled down the stairs is a direct function of building and storey height. 
61 Tread in this document is synonymous with going. 
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<25mm (nosing 
projection)
going
 
- Figure 2-10: Definition of Going and Nosing Projection 
 
Roys (2006) showed that the minimum width should be 300mm to match the 
average length of the male foot. Pauls (1984) maintains that this could be 
reduced to 280mm to allow for a 25mm maximum overhang. These minimum 
dimensions allow the user to face front on when going down the stairs as a 
safeguard against falling.  
 A synopsis of stair geometry requirements is shown in Table 2-4. Pauls 
(1984) recommends a maximum 180mm riser for safe descent. Riener (2002) 
from the health science literature agrees with the range of slopes or pitches 
shown in Figure 2-11. Recent research in the UK shows that a slope or pitch 
between 180 and 230 results in a more user friendly stair for those with functional 
limitations including reduced vision (Alderson, 2010). NZ Compliance 
Document D1/AS1 (DBH, 2002) views this range as uncomfortable.
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Country Going Riser 2R+G 
Australia 
(Building Code of 
Australia 2011 – 
Table D2-13) 
250mm min. 
355mm max. 
190mm max. 
115mm min. 
700 max (630 – 
370) 
510 min.(585 - 
180) 
New Zealand 
(Approved 
Document D1 – 
New Zealand 
Building Code) 
255mm min. 
375mm max 
190mm max. 
150mm min. 
Max pitch - 370 
Min pitch - 230 
United 
Kingdom 
(BS 5395-1:2010; 
Stair – Code of  
practice for the 
design of stairs 
with straight 
flights) 
300mm min 
450mm max 
180mm max 
170mm for 
Approved 
Document M. 
150mm min 
600 min (310 
max) 
810 max (18.40 
main) 
United States 
(Pauls, 2004 and 
Templer, 1992) 
280mm 175-180mm (640 – 330) 
 
Table 2-4 Stair geometry – international comparison (Stair pitch and the formula 2R+G are 
stated together – 2R+G is a measure of safe gait) 
 
  
Chart from Section 1.2.1 of NZ 
Approved Document D1 - Access  
Country Comments 
Australia 180-370 
NZ 230 -370 
UK 18.40-310 
US 330 
Australia and UK use entire 
range. US falls within range and 
NZ falls within nominated 
comfortable range. Roys (2006) 
would argue that goings should be 
a minimum of 300mm. Templer 
(1992) would argue that 280mm is 
adequate allowing for acceptable 
foot overhang. 
 
Figure 2-11: Safe stair pitch and comparison table        
Source Section 1.2.1 of N.Z. Approved Document D1/AS1 – Access. 
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Nagata (2006) shows that the individual never sees the entire tread when they go 
down the stairs. The visible part of the tread is TN as shown in Figure 2-12 below. 
Based on Nagata’s calculations (equation 7, Nagata, 2006) a tread of 300mm 
would be appropriate. This is important for stair conspicuity and foot placement. 
TN 
T
TN Visible portion of tread
T  Actual tread dimension  
Figure 2-12: Line of Vision to the tread (Source: Nagata, 2006 Fig 2 – redrawn) 
 
Combining this recommendation with that of Pauls (1984) for the maximum riser 
height, the resultant pitch would be 310, placing it within the preferred range 
referred to in Figure 2-11. A 150mm riser would result in a pitch of 260. 
  
2.7.2 Step legibility 
Figure 2-12 above shows the importance of foot placement but the steps 
need to be clearly defined by the marking of each nosing with a contrasting strip 
as now defined in BS 5395:2010 (BSI, 2010). It is noted that in order to provide 
for the safety of all individuals, especially those with reduced vision, that this 
requirement should be adopted for all exit stairs where regular trial evacuations 
are envisaged62. 
                                                 
62 Required under most Disability Discrimination and Health and Safety Acts in US, UK, and 
Australia. 
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2.7.3 Surrounding environment 
 Alderson (2010) and Archea et al (1979) advise on the importance of the 
following: 
 
•  Ensure a clear path of travel is available via flights and landings both in 
terms of visibility and actual physical presence  
•  Clear headroom throughout the path of travel (> 2000mm). 
•  Physical conditions within the stair that could distract the user e.g. 
viewing windows in terms of glare. 
•  Stair flights must be readily visible so that user can maintain focus. 
•  Stairs must be adequately illuminated. Care should be taken to avoid 
glare. Low level lighting may be used to define the steps and handrail.  
•  Handrails should available that are graspable preferably on each side of 
the flight. 
 
The handrails should contrast with the walls (Alderson, 2010) and the 
colour of the walls should contrast with the stairs (Archea et al, 1979). This 
improves the conspicuity of all the safety elements as well as improving the 
orientation of the user. 
  
2.7.4 Structural and dimensional integrity 
The stairs should be free from vibration. Health science references 
(Horak, 2006) show that tactile feedback from a tread or unsteady handrail can 
affect an individual’s stability.  
Step geometry should also be uniform throughout each flight (Roys, 
2006 and Pauls, 1984). Differences can trigger missteps (Templer, 1992 and 
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Archea et al, 1979). Codes permit between 5mm – 9mm63 throughout the flight 
depending on the country involved. Roys (2006) and Cohen et al (2009) see 
uniformity as one of the most important requirements in stair safety due the 
mechanism of proprioceptive feedback. 
 
2.7.5 Temperature and ventilation 
All the Codes in US, UK and Australasia require some kind of provision 
to be made in enclosed stairwells in office buildings over 25m in height for 
smoke control/ ventilation64. This system should be designed in such a way so 
that air can be moved through the shaft either automatically or via manual means 
so as to cater for people who suffer from such diseases as Dyspnoea 
(breathlessness) or other cardiovascular problems and also to provide some relief 
from high temperatures (400C+) during trial evacuations such as could be the 
case in Adelaide (Australia) and Dubai (United Arab Emirates). 
 
2.7.6 Signage and Symbols 
According to Archea et al (1979) there is nothing worse than someone 
going down  a set of stairs that come to either an abrupt end, a sudden change in 
level requiring them to ascend or to negotiate a winding changeover passage 
occurring between a high rise and a low rise portion of a multi-level office 
building. Proulx et al (2007) also reinforce this requirement through their 
findings from a trial evacuation case study where the level of illumination within 
the stairwell was reduced. Archea et al (1979) also advise that displaying level 
numbers on each main landing will improve the individual’s orientation. 
                                                 
63 International Building Code (IBC) in US. 
64 E.g. Australian Standard 1668 Part 1, International Building Code (IBC) for Smoke Control. 
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2.7.7 Handrails and balustrades (guards) 
Handrails provide a number of functions (Archea et al, 1979 and 
Templer, 1992): 
 
? Guidance for those with impaired vision or for those with a fear of falling 
or lacking confidence with a prop. 
? They provide an element at each landing involving change in direction 
about which the user can safely pivot. 
? They provide extra support for those with low confidence or stability / 
vestibular problems or even those with musculo-skeletal conditions in 
their lower limbs.  
? Handrails can act as a grab rail in event of a misstep so that the user can 
regain their balance using the handrail to create an opposing moment and 
force (Maki et al, 1998). 
 
Alderson (2010), Roys (2006), Templer (1992) and Archea et al (1979) 
further advise that there are general issues to be observed with the construction 
of the handrail to fulfil its function. The handrail must be graspable (32-38mm) 
(ADA, 2002)65 and at an appropriate height (e.g. 900mm). It must also be located 
at sufficient distance from the wall or other handrail when bounding an open 
void to permit the user’s hand to wrap around it without any obstruction at any 
point. The wall behind the handrail must be smooth so as to avoid injury due to 
abrasion. The rail itself should be smooth, free from tactile knobs or splinters and 
should not be cold to the touch. The clearance between the walls and the inside 
of the rail should be greater than 50mm and preferably 60mm.   
The minimum number of handrails required for stairs are normally 
governed by the width of stairs. The number is summarised in Table 2-5 below. 
The United Kingdom and the United States basically satisfy the requirements for 
                                                 
65 Later edition has extended this range up to a 60mm diameter. New range can be challenged. 
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providing maximum opportunity to all sections of the population in terms of 
guidance and support. New Zealand only requires an extra handrail when the 
‘movement channel’ exceeds 1499mm in overall width which is 1299mm clear 
width between handrails. Australia increases this width to 2m.
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Country Formula Min.Width Extra 
Exit 
No. 
Handrails 
Ht. 
Handrails 
UK 
 
Where                                
P= no. of people:;        
(n) is no. of storeys; and 
W = width 
1000mm Two 
minimum  
and allow 
for one 
extra 
redundant 
on 
occasions 
1<1000mm 
wide 
2>1000mm 
wide 
Between 
900 and 
1000mm 
Australia 1000mm/100 people – 
this allows for the 
increase above 200 
people. If >200 people 
then ≥ 2.0m 
1000mm 
clear 
between 
handrails 
Two 
minimum 
1 < 2.0m 
2 > 2.0m 
865mm 
minimum 
New 
Zealand 
9mm per person 1000mm 
clear  
between 
walls or 
balustrades- 
can be 
reduced in 
certain 
instances 
Two 
minimum 
do not 
have to 
allow for 
redundant 
if 
sprinklers 
installed. 
> 500 
persons 
requires 3 
exits 
1 < 
1500mm  
2 > 
1500mm 
Central 
handrail 
required 
when 
overall 
width > 2m 
and width 
of resultant 
channels < 
1500mm 
900mm 
min width 
USA 
(allow 
same 
criteria 
for UAE 
7.62mm per person 
unsprinklered and 5mm 
per person sprinklered. 
1100mm 
between 
walls 
Two 
minimum 
and allow 
for one 
extra 
redundant 
in special 
instances 
Each side 
and 1 extra 
where 
greater 
than 
1800mm 
865-
964mm 
1. UK Office of the Deputy Prime Minister (as at 2010) Approved Document B and K, The Building 
Regulations 2000 
2. Australia – Australian Building Codes Board (2011), Building Code of Australia, Sections D1 and D2 
3. New Zealand – Department of Building and Housing (as at 2011) Compliance Document C/AS1 and 
F4/AS1 
4. United States and UAE – (Bukowski, 2009) and International Code Council (as at 2011) International 
Building Code and/or NFPA 5000 
     
       
Table 2-5: Stair widths and handrail requirements 
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 All the Codes referred to in Table 2-5 require the handrails to be 
continuous from storey to storey but differ in their detailed requirements for 
graspability i.e. in terms of the minimum and maximum diameters. The optimum 
diameters of between 32 and 38mm (ADA, 2002) are the only ones discussed but 
other Codes allow up 50mm in diameter (Alderson, 2010).  
According to Maki et al (1998) a handrail height of 900mm is suitable 
but where no balustrades are required in stairs this height may have to be 
increased when measured above the nosing line as the effective height can end 
up being less than 900mm. The UK allows a range of handrail heights between 
900mm and 1000mm so that globally a height of 964mm should generally 
comply. This height can also be demonstrated to be satisfactory ergonomically 
using data from Pheasant and Haslegreave (2006). Pauls (1984) agrees with this 
finding. The critical height in terms of preventing falling through wide stair voids 
could be increased to 1200mm (MacLennan and Ormerod, 2011). Templer 
(1992) shows that steeper stairs affect people especially with narrow treads in 
terms of increased anxiety so that the presence of handrails and balustrades will 
increase the user’s level of confidence (Reeves et al, 2008a and Maki et al 1998). 
Where Codes such as BCA 2011 (ABCB, 2011) do not really cater for 
the risk of falling through open voids between flights this should still be 
addressed using a height of at 1100mm or even 1200mm which will cater for the 
measurement from an individual’s base of support to their centre of mass 
(Pheasant and Haslegreave, 2006). All the Codes mentioned under Table 2-5 
cater for balustrades including BCA 2011 in clause D2.16 (ABCB, 2011).  
Handrails should normally be circular and mounted within the balustrade line at 
the required height (Alderson, 2010). 
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2.7.8 Minimum width of stairs 
The minimum width of stairs required by the Building Codes from the 
US, UK, Australasia and UAE are shown in Table 2-5 above. The minimum 
widths for almost all of the countries result in a clear width between handrails of 
between 900 and 1000mm. These minima were based on body sizes as they were 
over 40 years ago. Pauls et al (2007), Peacock et al, (2009) and Blair (2010) 
showed that these minimum widths were completely unsuitable for the increase 
in body size due to obesity.  
Using the abdominal thickness of a morbidly obese individual it would 
be extremely difficult for anyone to pass this individual or a slow moving group 
as they would occupy staggered positions on each flight (MacLennan, 2008; 
Bukowski, 2009 and Pauls et al (2007). The same argument applies for any type 
of counter flow due to firefighting personnel. Analysis shows (MacLennan, 
2011) that fire-fighters would be able to pass individual groups in a stair with a 
clear width between handrails of 1200mm. This is the minimum width 
recommended by Pauls et al, (2007). Fruin (Pauls et al, 2007) has recommended 
a width of 1520mm between walls which is 1320 mm clear between handrails. 
The above discussion or assessment represents an ergonomic analysis as 
recommended by Pauls (2011), but it raises another issue of increasing the reach 
to two handrails to provide support for a person with musculo- skeletal pain in 
their lower limbs (e.g. osteoarthritis) and a vestibular disorder.  Fruin’s 
recommendations (Pauls et al, 2007) would still allow an individual to reach each 
handrail for support. 
The minimum width of stairs is extremely important. A stair with 
1320mm between handrails will permit individuals to pass the slow movers 
(Pauls et al, 2007) and reduce the stress that could occur as a result of 
“platooning” (Templer, 1992 and Parker-Pope, 2008). 
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2.7.9 Slip resistance 
Slips on stairs are most common in descent accounting for up to 80% of 
all accidents (Cohen et al, 2009 and Reeves et al, 2008). A slip is most likely to 
occur when a person oversteps placing only 50-60% of their foot directly on to 
the tread (Roys, 2006). It is unlikely that this will happen with a going size66 in 
excess of 300mm as this represents the length of a foot for the mean British Male 
(Roys, 2006 and MacLennan, 2011a).  
Provisions need to be made to prevent slipping similar to those 
recommended in D1/AS1 (DBH, 2006) and BS5395-1:2010 (BSI, 2010). An 
equivalent coefficient of friction of 0.667 is recommended and would be achieved 
by most masonry materials as illustrated in a database for typical surface finishes 
and materials (DBH, 2006).  
2.8 Management and maintenance. 
Stairs and enclosed stairwells need to be maintained so that they are fit 
for purpose as originally designed. Improvements can be made in line with those 
described in Section 2.7. Evacuation drills should be held at least once per year 
in line with recommendations made by Averill et al (2005) and Gershon et al 
(2007) as a result of the WTC 9/11 incident and also as now required by 
Occupational Safety and Health Legislation in the US, UK and Australasia as 
described in 2.3.2.  
2.8.1 The inclusive approach 
Evacuation planning is all about planning for everyone so that an 
inclusive approach as suggested by Gwynne (2008) is advised where the 
individual and the potential ‘group’ are involved68. The procedures should be 
                                                 
66 A going of 300mm should increase the rate of descent because of better foot placement and 
increased confidence but distance is the main determing factor (Peacock et al, 2009) 
67 Equivalent to a Pendulum Test Value (PTV) of 40. 
68 In real life emergencies Zmud (2007) shows how a severely mobility impaired female person 
survived the WTC 9/11 incident due to this type of planning where a group of her colleagues 
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simple e.g. uncontrolled evacuation where people can enter into the stairwell 
when they are ready so as to avoid confusion. Staged or sequential evacuation 
that normally addresses fire related emergencies involve making PA 
announcements with instructions that people either cannot hear or understand 
(Proulx and Reid, 2006 and Kuligowski and Hoskins, 2010) will cause 
confusion. When this is coupled with lack of inclusive planning and planning as 
recommended in numerous guidelines (NFPA, 2007 and DCLG, 2007) then 
individuals will be confused and at risk especially where they should not be 
using the stairs at all (Proulx and Reid, 2006 and Kuligowski and Hoskins, 
2010).  
 
2.8.2 Emergency response planning and strategy 
Emergency management involves the direct process of developing a 
plan, building and maintaining a strong emergency control organisation 
(transparent and inclusive), developing a set of procedures that includes a review 
step so that improvements can be made after each trial evacuation and the 
implementation of the process. Such an approach fits in well with quality 
assurance which underpins health and safety (MacLennan et al, 1999). 
People will be more familiar with an emergency procedure if it refers to 
their normal use of the building and if they were involved in its development. 
 
“People will trust a procedure that they understand and with which they 
are familiar.”  
(Gwynne, 2008, pp. 457). 
 
                                                                                                                                    
responded rapidly and took her to safety down the stairs in an “evacuation chair”. Additional 
studies by Adams and Galea (2010) show that this device need not slow others down. 
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This section will not be concerned with the details of the policy and 
plans as these can be found in Codes such as AS 3745-2010 (Standards Australia, 
2010). There are some issues, however, that need to be raised: 
 
• Evacuation routes – it is quite common in some buildings to designate 
stairs for various levels. Whatever the approach is the user should 
negotiate the entire route as part of their evacuation training programme. 
(Gwynne, 2008). 
• Central control – where evacuations are run from central control points 
these points may be blind i.e. they are not visually connected to the 
various floors or even the stairwell so that it is difficult for a central 
ECO to monitor all aspects of the evacuation or stair descent. This can 
impact on communication especially with sequential evacuation. 
Decentralisation of control to the floor evacuation teams should be 
considered. (Dwyer and Flynn, 2004). 
• Floor evacuation teams that can motivate, lead and co-ordinate groups 
are essential for each tenant in high rise office buildings. These groups 
need to reflect the decisions of the occupants on each floor and have 
standard plans to cater for visitors (assign to groups). The rapid response 
of major tenants in the WTC9/11 Incident is an example of this (Dwyer 
and Flynn, 2004). 
• Training and practice – at least one drill should be conducted per annum 
that involve moving though the exit system. Practice should also involve 
the development of skills such as that required for assisting others, 
operation of evacuation chairs as evidenced by the Adams and Galea 
study (2011) and Zmud (2007).  
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• All plans should include inspection and maintenance of all essential 
services and this includes the elevators and the stairwells. There are 
Codes and Standards that cover this aspect. (Beck, 1977)  
The above requirements reflect the basic requirements of AS 3745-2010 
(Standards Australia, 2010) which is also representative of the NZ requirements 
as well as those of the US and UK.  
2.8.3 Maintenance 
All essential services, i.e. those to do with life safety need to be 
inspected, tested and maintained to ensure that continue to be fit for purpose over 
the life of the building (e.g. requirements under BCA 2011 (ABCB, 2011)). This 
requirement refers especially to illumination, ventilation and stair condition in 
studies over the last three decades commencing with Beck (1977). Many high 
rise office buildings in the modern era were designed using specific design 
methods permitted under various building regulations (e.g. BCA 2011 (ABCB, 
2011)). Inspection, test and maintenance protocols may vary from those in the 
Codes so that they should be documented using a combination of quality 
assurance and maintenance Codes that are already available (e.g. AS 3900 and 
AS1851). An example of this is the proper functioning of the stairwell ventilation 
systems and not their failure as will be seen in the 2008-2010 Case Study 
forming part of the PhD Study (Building M2).  
2.9  Synthesis of the Literature review and development of 
 the knowledge gap. 
Chapter 2 is synthesised over page in using the Ishikawa Chart (RCA 
Model69). This model as will be demonstrated in this section is based directly on 
the Functional Capacity Evaluation Model (Matheson, 2003) as explained in 
                                                 
69 Portwood and Reising (2007) describe the basis of Root Cause Analysis Models which utilise 
Ishikawa Charts which are synonymous with Quality Management Methods commonly used in 
Health and Safety Management                                                                                                                                                                                                       
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section 2.9.1. The outcome of the evaluation of an occupant’s functional capacity 
to safely complete a trial evacuation will relate directly to their ability to go 
down stairs without falling. The evaluation may show that the impact of the 
specific extrinsic factors associated with the building, the stairs, the other 
occupants and the way in which evacuations are managed require an alternative 
strategy for the occupant being evaluated. The RCA model69 therefore needs to 
be flexible so that it can be used inclusively70. The model and synthesis is shown 
in Figure 2-13 and elaborated on further in this section.  
Figure 2-13 is an Ishikawa Chart also known as a “Fishbone” diagram 
(Battino, 2006) summarises the contextual issues under four main 
classifications71  located on the “fins” of the chart determined from the literature 
review. The spine represents outcomes from the interaction of the contextual 
issues on the level of performance or the functional capacity of the individual 
descending the stairs in terms of the maximum distance they estimate they can 
travel before running the risk of falling or sustaining some other threatening 
medical condition (e.g. heart attack). The knowledge gap72 is therefore: 
  
? Which of the contextual issues are critical in determining the level of 
performance of the individual descending the stairs? 
? The level of performance or functional capacity determined in the above 
context utilising a combination of survey and observational tools where 
fitness has been measured using a validated method (Sjostrom et al, 2005) 
and where the data can be triangulated.  
 
 
                                                 
70 As a template for developing occupant Personalised Emergency Evacuation Schemes. 
71 Determined by the Delphi group forming part of the 2008-2010 case study. 
72 Highlighted red-brown in Figure 2-13 
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When the level of performance or functional ability of the individual is matched 
with challenges of the building and the proposed evacuation strategy it will be 
possible to determine whether or not the individual concerned can either use the 
stairs safely or requires assistance. 
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Figure 2-13: Summary of literature review that establishes the knowledge gap (See section 2.9.1 – 2.9.5 tying explanation of the above to sections 2.1 and 2.3 – 2.7 
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2.9.1 Derivation of the Root Cause Analysis Model  
    The basis of the Root Cause Analysis (RCA) Model used in this PhD 
Study is based directly on Health and Safety practice and systems as described 
by Portwood and Reising (2007) drawing from the FCE Model of Matheson 
(2003). The FCE Model is used as a tool to evaluate the functional capacity of an 
employee or individual. It is unsuitable for inclusive evaluation73. The RCA 
Model in the form of the Ishikawa Chart74 allows for direct employee or 
individual input.  
Referring to Figure 2-1 the translation of the FCE Model into the RCA 
Model can be best described as follows: 
 
• The occupational disability is presented as the outcome of the 
interaction of all the contextual extrinsic factors on the individual’s 
particular intrinsic characteristics and is measured as the maximum 
distance a person can descend without a rest or where the risk of falling 
is too great. 
• Individual impairment translated into functional limitations is presented 
as the Intrinsic Factor related to the individual being studied. 
• Worker role demands are presented as the particular demands associated 
with the particular building being the characteristics of the stair 
construction and environment, the group comprising the individual and 
others on the stairs at the same time and the building emergency 
evacuation organisation, strategy, planning and procedures. The 
                                                 
73 RCA Model allows participation and is widely used in health and safety planning (Portwood 
and Reising, 2007). It permits participation of the individual (bottom up) together with the 
evacuation planner (top down). The FCE Model is basically a “top down” approach. Evacuation 
planning needs to be inclusive as demonstrated by Zmud (2007) and Gwynne (2008). 
74 As described in Battino (2006) where it is linked directly with RCA. 
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demands therefore comprise the specific extrinsic factors associated 
with each building.  
2.9.2    The Intrinsic Factor (Individual) 
             The results of the literature search addressing the intrinsic contextual 
factors and which would comprise the individual characteristics and functional 
abilities of an individual are summarised as: 
 
• Age and lifestyle where lifestyle refers to the degree of sedenterism10 
and therefore physical activity. Age is usually coupled with this taking 
into account other changes such as loss of strength and increases in the 
level of obesity.(Section 2.4) 
• Functional limitations usually directly associated with various 
impairments some of which are not necessarily defined as disabilities. 
Cardio vascular, neurological, musculo-skeletal conditions are amongst 
those considered and discussed in Sections 2.4 and 2.5. 
• Co-morbidities such as cardiovascular and diabetes are discussed where 
the conditions are linked. Reduced vision and Type 2 Diabetes are 
another example. Other examples are obesity and hypertension. As the 
number of co-morbidities increases so does their impact on stair descent 
ability. (Sections 2.5). 
• Individuals as employees have the legal right internationally to be 
provided with a safe work place.  
• Functional Capacity Evaluation (FCE) needs to be carried out 
inclusively using the PEEPS44 approach so that the demands of the 
stairs, work colleagues and management can be integrated with the 
needs and functional limitations of the individual. (Section 2.4) 
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• If the individual has the functional ability to descend the stairs then 
familiarisation with the specific extrinsic factors where measures similar 
to the 6 minute walking test (Ayis et al, 2007) can be used. This will 
provide actual performance results especially in terms of the maximum 
distance that can be safely descended. (Section 2.4) 
• Section 2.5 shows up a negative aspect of group dynamics related to 
individual behaviour where an individual inadvertently descends at an 
uncomfortable speed, being the speed of the group> this increases the 
risk of falling especially where the individual has more than one co-
morbidity (Section 2.5).  
• Assistance needs can be established from the FCE. 
 
The RCA / FCE method can therefore be used as a research, evaluation, training 
and monitoring tool for the individual and should therefore be inclusive. 
 
2.9.3   Others on the stairs – The Group. 
  The results of the literature search addressing the interaction of the 
individual with others on the stairs are summarised as an extrinsic factor: 
 
? Groups are formed in trial evacuations either by the occupants 
 themselves or as a result of the evacuation strategy. The groups will 
 vary in size.  
? The structure, dynamics and behaviour of each group will depend on 
 the degree of occupant inclusion and motivation. It may often be 
 situational. 
? The degree of cohesion and knowledge will depend on the frequency of 
 training or practice. 
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? It is possible that group behaviour which is usually altruistic may be 
 aggressive. Aggressive behaviour is usually minimal and will be 
 addressed in the research although not directly addressed in the 
 literature search75. Also accounts for variability in merging patterns. 
? The group will most likely help an individual in need but there may be a 
 risk in doing so especially where the individual is morbidly obese or 
 injured as the result of a fall. Group formation should therefore address 
 the needs and functional limitations of all the members. The degree of 
 mobility and strength of the individual is important because slow 
 movers can impact other following groups as well especially in terms of 
 “platooning” making it difficult for others to pass.  
? Practice is essential to evaluate results of Individual FCE in a group 
 setting 
 (Refer to Section 2.6 for the above) 
 
Lack of group practice may result in members being too embarrassed to ask the 
group to slow down and therefore increase the risk of falling due to the loss of 
focus and visibility due to “rushing”. 
2.9.4 The stairs (construction) and their environment – extrinsic      
 factor 
 
 The results of the literature search addressing the construction of the 
stairs and the enclosing environment are summarised as an extrinsic factor: 
 
? Optimum tread and riser sizes which are uniform throughout. 
? Handrails need to be reachable and graspable. 
? Stairs need to be conspicuous for ease of foot placement and to increase 
 confidence. 
                                                 
75 Discussed briefly in Section 2.5.3 (Pauls, 2004) as a lack of courtesy. 
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? Clear path to avoid obstacles that could trip the user and signage for 
 orientation and wayfinidng. 
? Non-slip surfaces, temperature and ventilation control. 
? Minimum width of stairs (>1200mm) to allow for counter flow, 
 overtaking and resting.  
? Distance to be traversed combined with number of turns per storey is 
 important because of the impact on fatigue and the increased risk of 
 falling. There is a maximum distance between rests where they are 
 provided as exemplified by the 60 minute walk test and the reduction in 
 descent speed76 
? Distractions need to be reduced to deal with risk due to loss of user     
 focus. 
 
Distance may quite well alter user perceptions of what constitutes a comfortable 
and safe stair due to user fatigue and other functional limitations.  
2.9.5  Management and Maintenance – extrinsic factors 
 The results of the literature search addressing the maintenance and 
management of the stairs and evacuation system as an extrinsic factor are: 
 
? Lack of maintenance can result in the deterioration of the stairs  
 and their environment so that they are no longer “fit for purpose”. 
? Evacuation procedures need to be simple and inclusive. Staged  
 evacuation can increase confusion. They can also decrease the  
 density and increase descent speed highlighting the risk of falling. 
 Uncontrolled evacuations increase density and decrease descent  
 speed so users have more time to rest. 
                                                 
76 Maximum distance as per Ayis et al (2007) and correlation of descent speed with distance as 
per Peacock et al (2009). 
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? Inclusive planning modelled on FCE involves the user and obtains 
 their “buy in” for all aspects of trial evacuation performance and  
 assistance. 
? Group assistance skills are developed as part of trial evacuation  
 exercises. 
?  Legal obligation is fulfilled inclusively. 
 
 The WTC 9/11 incident showed the value of committed evacuation 
management where organisations (management and employees) were committed 
to and familiar with procedures that suited their needs and were quick to respond. 
Everyone knew what they had to do.  
2.9.6  The Knowledge Gap 
 The outcome of the FCE Model (Matheson 2003) is stated as 
“occupational disability” which establishes the performance level or functional 
ability of the individual in the context of the task, the working environment, the 
staff, resources and management. Peacock et al (2009 and 2012) carried out a 
similar study but this did not consider all the contextual factors. A number of 
buildings were studied and a multivariate analysis of aggregated data revealed 
that distance was the most significant predictor of speed (see Figure 2-14 and in 
particular the items highlighted or edged in red). Fritz (2009) in his seminal 
paper on functional limitations clearly shows up walking speed as a predictor of 
functional ability. Boyce et al (1999) relates walking speeds to functional ability. 
Leake et al (1991) in a study of pedestrians with impairments resulting in varying 
functional abilities related distance to functional ability. Ayis et al (2007) 
develop the notion of maximum distance that an individual can cover before 
having to sit down and rest. Spearpoint and MacLennan (2012) describe this 
relationship as an individual’s functional capacity. The latter could also be seen 
as a level of performance i.e. the maximum number of storeys an individual 
could descend without a rest.   
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Figure 2-14: Relationship between distance and speed.                  
(Source: Peacock et al (2009) Read in conjunction with Figure 2.3 from Ayis et al (2007) 
which shows the maximum distance that can be walked related to an individual’s functional 
limitations. Maximum distance therefore represents the individual’s functional ability or 
performance level. Also note that the impact of counter-flow on descent speed depends directly 
on the Fire Department’s Standard Operating Procedures which can utilise emergency lifts for 
fire fighter access (MFB, 2010). 
 
 Maximum distance or maximum number of storeys could be taken as 
either an estimated or accomplished limit. It also represents “occupational 
disability” from the FCE Model (Matheson, 2003). The literature survey shows 
that the FCE Model or similar has not been applied to trial evacuations as an 
occupational task.  
 The RCA Model (Portwood and Reising, 2007) using the Ishikawa 
Chart as the framework illustrates the knowledge gap. The knowledge gap is 
summarised by the Aim and Objectives in that estimated or actual descent ability 
(as represented by the number of storeys traversed) is to be studied in the context 
of the extrinsic and intrinsic factors to establish which factors or combination of 
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factors affect the number of storeys that can be descended without a rest. The 
studies in this review show that maximum distance or number of storeys, if taken 
to represent the level of individual performance, will be mostly affected by the 
level of fitness, number of functional limitations (co-morbidities) and level of 
obesity subject to the demands of the other intrinsic and extrinsic contextual 
factors.  
 Whereas most of the earlier engineering science studies (Fruin, 1987 
and Francis and Saunders 1979) viewed the individual as an object, later studies 
focussed more on the individual as a human being with distinct and variable 
characteristics that affected their performance mirrored in studies carried out by 
Boyce et al (1999) and Fahy and Proulx (2001). These studies highlighted the 
difference in descent speeds are a direct outcome of their functional limitations. 
This agrees with similar health science studies (Fritz, 2009 and Hulens et al, 
2003). Proulx and Reid, (2006) showed up the impact of behaviour and delays 
resulting from conflicting messages generated by an evacuation communication 
system in a fire related emergency. Kinsey et al (2010) studied the individual in 
relation to the use of escalators for evacuation. The process used by Kinsey et al 
(2010) determined a similar maximum performance stair descent measure based 
on the distance an individual estimated they could safely descend. The RCA 
Model Spine outcome also includes an estimated measure which can be 
compared with the results of the author’s unpublished 1980’s research and that of 
Kinsey et al (2010)77. The studies now focus on the individual and therefore the 
individual should be the centre “unit of analysis” within specific contexts.    
                                                 
77 Also provides the opportunity for a longitudinal study as the level of performance of 50% of 
the population in the 1980’s generalised between eight buildings was 25 storeys and the 2010 
study by Kinsey et al (2010) was 21. The latter was established by survey whereas the one 
established as part of the 2008-2010 case study will be one generalised between 6 buildings 
utilising a case study process outlined and justified in Chapter 3. 
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2.10 Summary and Conclusion 
 The research philosophy, strategy and method therefore follow on in 
Chapter 3 with the description of the case study sites following on in Chapter 4. 
The method approach is unique to this PhD Study needs to be one particularly 
suited to real world studies when compared to other trial evacuation studies 
(Proulx et al, 2007: Pauls, 1977; Beck 1977; and Peacock et al, 2009) in that it 
allows for the inclusion of the Author’s unpublished research conducted in the 
1980’s as an exploratory case study which results in the entire PhD Study taking 
on a longitudinal profile for a more meaningful analysis of the Pauls, Fruin and 
Zupan (2007) claim that population fitness has deteriorated in the last 30 years 
along with the masking of fatigue by density found by Galea et al (2008) in one 
of their studies of the WTC 9/11 incident. 
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Chapter 3: Research Philosophy and Methodology 
 
3.1   Introduction 
 Pauls, Fruin and Zupan (2007) claim that that their trial evacuation 
data are no longer relevant. The claim is concerned with the intrinsic 
characteristics of the current population and their fitness when compared with 
those of the population in the 1970’s. Pauls (1974) collected data from trial 
evacuations of office buildings in Canada and Fruin (1987) from observations of 
people moving around public places in New York and elsewhere. Pauls (1974) 
developed data collection methods that were a combination of survey and 
progressive observation of survey respondents for the duration of the evacuation. 
Observations were made by researchers moving down the stairs with the survey 
respondents and also using video cameras at strategic points. At that time Pauls 
(1974) carried out the research for the National Research Council of Canada 
(NRCC). A form of triangulation78 was used to compare the data. This approach 
is synonymous with use of “mixed methods” or the pluralist approach in data 
collection and analytical methods (Amaratunga et al, 2002). The author together 
with Pauls and two other international experts79 advanced the original 1970 
studies under a grant from the Australian Uniform Building Regulations Co-
ordinating Council commencing in 1983 using a slightly more structured 
approach. The resultant data is partly published (MacLennan, 1989, and 
MacLennan et al, 1999)80. The data still exists and therefore offers the 
opportunity for some kind of longitudinal study associated with the aim of this 
PhD Thesis. 
                                                 
78 Triangulation as defined and discussed by Hales (2010) 
79 Jake Pauls, Edwina Juillett and Dr. J.D.Sime 
80 The research project was terminated prior to completion due to lack of resources and funding. 
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In line with the above opportunities this chapter is concerned with 
establishing the most appropriate research philosophy and then a method that 
will fit within this philosophy. This potential is from the position that the 
author’s 1980 work was in sync with the data referred to by Pauls (1988)81 as 
well as that used to date by the same organisation that supported the initial work 
of Pauls which was the National Research Council of Canada (Proulx et al, 
2007).. The details and protocols of this PhD study will therefore be described in 
terms of the project being a real world study and will then refer to the other trial 
evacuation studies (Pauls, 1988 and Proulx et al, 2007) in terms of process, data 
gathering and analysis. 
 
3.2   Research Philosophy 
 According to Gray (2009) and Crotty (1998) there is an inter relationship 
between the theoretical stance adopted by the researcher and the methods used. 
Miles and Hubermann (1994) show that there are three underlying assumptions 
relevant to research philosophies being: 
? Ontological assumptions 
? Epistemological assumptions 
? Axiological assumptions 
Ontology describes “what knowledge and in fact reality is82” whilst epistemology 
relates to the meaning of knowledge and how it should be acquired and accepted. 
Axiological assumptions also play a role as they reveal the values researchers 
place on certain things and therefore their value systems (Miles and Hubermann, 
1994). Gray (2009) states further that any philosophy, strategy and method 
would normally be influenced by both what it means to know and their values. 
                                                 
81 Pauls (1988) refers to the author’s work and acknowledges the association of this work with his 
especially in terms of the data collection methods. 
82 E.g. the truth 
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The author used the research onion (Saunders, 2007) to determine his research 
philosophy and strategy.  
 The author is investigating the performance of individuals 
descending multiple flights of stairs within context. One study of the WTC 9/11 
incident (Galea et al, 2008) shows that fatigue may not be an issue in stair 
descent and yet other health science studies do (Corbeil et al, 2001). Another 
study by   Peacock et al (2009) shows that the distance traversed has the most 
marked influence on descent speed. Blair (2010) using data from this same study 
states that the data is extremely “noisy” i.e. there are many other data not being 
gathered or interrogated. Ayis et al (2007) indirectly supports Peacock et al 
(2009) in showing that fatigue is a function of reduced walking speed and hence 
distance. Galea et al (2011) does submit that fatigue may not show up because it 
is masked by density. There are potential rival theories (Yin, 2009) about what 
the truth really is in this regard. This is one of the reasons for the author adopting 
a particular epistemological stance in this instance. He sees that meaning or 
relationships can be ambiguous or even uncertain. It is therefore necessary to 
understand the context in which these issues exist or occur (Gray, 2009).  There 
is a need to construct this meaning for it to be “real” (Saunders, 2007 and Gray, 
2009).  
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Figure 3- 1: The Research Onion (Saunders et al, 2007) 
 
Figure 3- 1 shows the various layers of Research Methods. The author in 
adopting an epistemological stance as a constructivist may be seen as a direct 
conflict of paradigms. This is not the case and in fact the two are compatible and 
yet distinct (Barkin, 2003). The stance selected is not positivist as the theories do 
not allow for the study of specific social issues which are critical to this PhD 
Study (Saunders 2007). Interpretivism is more applicable as a stance as it would 
allow the author to focus on the social issues. This unique approach however 
does not permit generalisability between within the context of other cases or 
research. Constructivism linked with realism (Barkin 2003) is a theory which 
holds the social phenomena and their meanings are constructed by the people in 
using them rather than being external objects existing independently of them.  
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Figure 3- 2: Research Approach: Deductive vs. Inductive – (Source: Spratt et al, 2004) 
 
Peeling away the next layer of the Research Onion (Saunders et al, 2007) 
requires the approach to be employed in the research study. There are two 
approaches available being Deductive and Inductive (see Figure 3- 2). Deductive 
is known as a top-down approach going from the general to the particular. It 
starts with a theory about the topic of interest (multiple flight stair descent) 
which is then narrowed down to a more specific hypothesis (individual 
performance in stair descent) which we can test. This approach most likely 
involves quantitative methods. The Inductive approach works in the opposite 
direction as shown in Figure 3- 2 and works from the specific to the general 
where an empirical observation takes the researcher to a result. It allows for 
generalisation and is informally known as the bottom-up approach. Qualitative 
methods are normally associated with this approach (Gray, 2009).  
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 The next layer of the onion is the research strategy (Saunders et al, 2007). 
The author’s position here is strongly influenced by the “inherent” strategy 
followed in his 1980 trial evacuation studies introduced in Chapter 1. The data 
collection methods from this study involved the use of interviews, survey and 
observation. This involves the use of mixed methods (Amaratunga, et al, 2002). 
As such triangulation between data sets (Hales, 2010) is critical for arriving at a 
theory that can be generalised. It also reflects a mixture of research approaches 
(deductive and inductive) and matches the author’s epistemological stance as 
explained above.  
 The aim of the PhD Study is; 
 
““To study the performance of mature age office workers descending multiple 
flights of stairs in trial evacuations of high rise office buildings in the context 
of extrinsic and intrinsic factors”. 
 
 
The PhD Study involves the study of office workers within the context of trial 
evacuations which means that the identification of contextual issues is extremely 
important especially as far as generalising theories and/or findings are concerned. 
Amaratunga et al (2002) recommends a mixed method strategy for studies 
concerning the Built Environment. The most suitable mixed method or 
“pluralist” strategy is case study. It is defined as the study of a social unit where 
the centre of the study is normally a person, group or social institution. The PhD 
Study aim aligns itself with the case study approach as it studies context in detail 
(Yin, 2009). The important attribute of case studies is that they can be used for 
generalisation but only when there is a distinct pattern (Hak and Dul, 2007) set 
up between outcomes.  
 The case study method is ideal when asking “how” or “why” question 
about a set of events over which the researcher has no control. The original trial 
evacuation studies by Pauls (1974) allowed for some control when examining the 
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data collection methods83. This was not the case with the author’s 1980 study84 
and the PhD Study described in this thesis. The case study is an accepted method 
within itself and for this method to be successful it has been designed in 
accordance with one of the authorities on Case Studies (Yin, 2009) as 
acknowledged by Gray (2009). The design of the case study process for the PhD 
Study is discussed in the next section. It will be a multiple case study process 
holistically known as the “PhD Case Study”. 
 The author’s position in terms of philosophy, approach and strategy is 
explained in Figure 3-3 where he occupies a central position from epistemology 
through to data collection methods and where the overall process is designed as a 
case study that allows for both a top-down and a bottom-up approach which 
involves the individual as the central unit of analysis. This reflects other studies 
by Gershon et al (2007) on the WTC 9/11 incident and also the inclusive 
approach to evacuation planning (Gwynne, 2008). 
  
                                                 
83 In the 1970 NRCC trial evacuation studies observers lead and followed groups of evacuees 
down the stairs and therefore may have influenced or even controlled the rate and pattern of 
descent. In this PhD Study this is not the case so that the author and his observers had no control 
whatsoever over the evacuation events. 
84 As introduced in Chapter 1. 
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Figure 3-3: The Elements of the Research Process used in the PhD Study using Gray’s 
(2009) “peeling” of the Research Onion (Saunders et al, 2007) 
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3.3 The Case Study Research Strategy 
3.3.1 Overview 
 As discussed in the previous section the case study strategy has been 
selected as the research strategy as it permits the use of mixed methods, has a 
central unit of analysis being the individual and studies their performance in 
descending stairs in trial evacuations in the detailed context of different 
buildings, populations and management structures/ practices. The context is 
made up of intrinsic and extrinsic factors which are identified as part of the 
contextual aspect of the multiple case study. Chapter 2 showed that these factors 
would most likely be: 
 
? The individual office worker 
? The individual and others – group 
? The design and construction of the stairs 
? Management and Maintenance 
 
The selection of the case study method will allow for the same mix of data 
collection methods to be used as the author’s 1980 study (Box 2 - Figure 3-4)    
so that a form of longitudinal study85 is possible because of the commonality of 
methods. 
                                                 
85 i.e. between cases where time horizon represents the interconnection and comparison of cases 
and generalisations.  
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Figure 3-4: Setting the replication of research method and data collection/ analysis by the 
selection of cases and the time span of study 
 
 
Figure 3-4 shows the linkage between the  1970 NRCC studies (Box 1), the 
author’s 1980 study (Box 2) based directly on the NRCC studies providing the 
opportunity and set data for the Exploratory case study (Box 4) for the PhD 
Study. The NRCC continued on with trial evacuation studies, the seminal one 
being the “C.D.Howe” building in Ottawa, Canada (Proulx et al, 2006) as shown 
in Box 3. The data collection methods used in this study was similar to that used 
in Box 1. The Exploratory case study then links in with what is known as the 
current or 2008-2010 case study (Box 5). In order to allow for the case structures 
to be similar and so that longitudinal comparisons could be made the data 
collection methods directly connected with the 2008-2010 trial evacuations were 
kept in sync with the others.  
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 The robustness of the Case Study method could still be challenged 
especially in terms of the estimated conflict between quantitative (positivist) and 
qualitative (phenomenological) methods. According to Amaratunga et al (2002) 
existing built environment research which in terms of this PhD Study would 
include quantitative studies of Peacock et al (2009) and qualitative studies such 
as those by Gershon et al (2008) may involve the use of mixed methods which is 
represented in Figure 3-3 in the positioning of the linking arrows between the 
elements of the research process as defined by Gray (2004). Amaratunga et al 
(2002), argue from a philosophical point of view that there are two schools of 
thought being logical positivism which relies on quantitative methods to test 
hypothetical generalisations. Here the observer is required to be independent 
from the subjects being observed. Phenomenological or interpretivism inquiry 
uses qualitative and naturalistic approaches to gain an overall understanding of 
human experience.  A pluralist approach is therefore perhaps the most realistic 
way to “interpret” outcomes. Amartunga et al (2002) refer to another study 
carried out by Das (1983) where he states that: 
 
“…qualitative and quantitative methodologies are not antithetic or divergent; 
rather they focus on the different dimensions of the same phenomenon. 
Sometimes these dimensions may appear to be confluent: but even in these 
instances where they apparently diverge, the underlying unity may become 
visible on deeper penetration….The situational contingencies and objectives of 
the researcher would play a decisive role in the design and execution of the 
study.”   
 
 Amaratunga et al (2002) appear to view the “deeper penetration” as an 
emphasis on the use of triangulation (Hales, 2010) which is a “collective’ method 
that combines quantitative and qualitative analytical methods. Yin (2009) sees 
this triangulation as being the way of overcoming the weaknesses in each 
method. It allows for a bridging of the positivist and phenomenological stances 
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via the case study method as indicated in Figure 3-3  and justified against further 
criticism by Flybjerg (2008) in Table 3- 1. Yin (2009) does still support a 
balance between the two methods and this is seen as being ideal. The pluralist or 
mixed research method therefore still permits the researcher to become immersed 
in their own research (Amaratunga et al, 2002). Rossman and Wilson (1991) as 
cited in Amaratunga et al, (2002) provide further reasons for linking the two 
methods of analysis: 
″  
?  To enable confirmation of each other via triangulation; 
?  To elaborate or develop analysis, providing richer details; and 
?  To initiate new lines of thinking through attention to surprises or  
 paradoxes providing fresh insights. ″ 
 
Amaratunga et al (2002) also see case study research as one that focuses on the 
“dynamics” within single settings. In the case of high rise building stair descent 
research the single setting is the enclosed stairwell or fire stair. The setting in this 
instance is affected by other dynamics made up of intrinsic and extrinsic factors. 
The unit being analysed in still the occupant or individual descending the stairs 
so that mixed research methods used to both gather and analyse data need to be 
balanced so that triangulation is possible. The case study process needs to be 
designed in order for the misunderstandings in case study methodology to be 
explained as they are in Table 3- 1. 
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MISUNDERSTANDINGS EXPLANATION (Flybjerg, 2006) 
General theoretical (context independent) 
knowledge is more valuable than concrete 
(context dependent) knowledge. 
Predictive theories and universals cannot be 
found in the study of human affairs. 
Concrete context dependent knowledge is 
therefore more valuable than the vain search 
for predictive theory and universals 
One cannot generalise on the basis of an 
individual case, therefore the case study cannot 
contribute to scientific development 
One can often generalise on the basis of a 
single case and the case study may be central 
to scientific development via generalisation 
as supplement or alternative to other 
methods , Formal generalisation is over-
valued as a source of scientific development, 
whereas the force of an example is 
underestimated  
The case study is most useful for generating 
hypotheses; that is, in the first stage of a total 
research process. Whereas other methods are 
more suitable for hypotheses testing and theory 
building 
The case study is useful for both the 
generating and testing of hypothesis but is 
not limited to these research activities alone 
The case study contains a bias towards 
verification, that is, a tendency to confirm the 
researcher’s preconceived notions 
The case study contains no greater bias 
towards verification of the researcher’s 
preconceived notions than other methods of 
inquiry, On the contrary, experience 
indicates that the case study contains a 
greater bias towards falsification of 
preconceived notions than towards 
verification 
It is often difficult to summarise and develop 
general propositions and theories on the basis of 
specific use case studies 
It is correct that summarising case studies is 
often difficult especially as concerns case 
process. It is less correct as regards case 
outcomes. The problems in summarising 
case studies, however, are due more often to 
the properties of the reality studied than to 
the case study as a research method. Often it 
is not desirable to summarise and generalise 
case studies. Good studies should be read as 
narratives in their entirety.  
 
Table 3- 1: Explanation of the misunderstandings of case studies as a research method 
(Flybjerg, 2008) 
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3.3.2 Case Study Process Design 
 
 
      
 
Figure 3- 5: Generic PhD case study process chart 
 
 
Using  Figure 3- 5 as the reference, the types of case studies that may be included 
in a case study process where the case study is a multiple case study (Gray, 2009) 
are as follows: 
? Exploratory case studies (Box 1) 
? Explanatory case studies (Boxes 4 and 5) 
? Confirmatory case studies (Box 6) 
 
The generic case study process in Figure 3- 5  is based directly on Yin (2009). 
Yin permits the use of the above study types where: 
? The exploratory case study which is a re-analysis of some of the data 
from the author’s 1980 study is to be used to develop the theory for the 
2008-2010 case study as well as two of the buildings from the 1980 
study which will be representative of the eight buildings studied and 
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which will be known as the exemplar buildings and will be included for 
further detailed comparison in the 2008-2010 case study. (Box 1) 
? Explanatory case studies to further explain the results of the 2008-2010 
trial evacuation studies. The Explanatory case studies comprise a Delphi 
group86 to establish the context of the 2008-2010 case study, focus group 
studies to compare intrinsic characteristics87 of young and fit office 
workers with mature and unfit office workers and content analysis of two 
documents Dwyer and Flynn, 200488 and Parker-Pope, 200889) 
concerning the experience of people descending stairs in different 
contexts.   (Boxes 4, 5 and 7). 
?  Confirmatory case study known as the 2008-2010 case study which 
involve the selection of six buildings90, and the survey, observation, 
recording and analysis of trial evacuations in each of the buildings, 
classifying and comparing the results with those of the explanatory 
studies and developing findings from those. (Boxes 2, 3, 6 and 9a-9c). 
This confirmatory case study comprises three study cycles with minor 
improvements91 being made in the survey data collection method 
concerned with the measurement of fitness (Sjostrom et al, 2005). 
                                                 
86 Delphi group process will be explained in another section based on work of Hsu and Sandford 
(2007) and utilising a Nominal Meeting format because of time constraints (Graefe and 
Armstrong (2011). 
87 The focus group studies each contained a mobility test so that descent speeds of the groups 
could be compared. Provided data to explain falling risk associated with the 2008-2010 trial 
evacuation survey respondents. 
88 Transcribed survivor accounts of stair descent during the WTC 9/11 Incident. 
89 Parker-Pope (2008) of the NY Times facilitated a blog/ chat-room asking the question of 
whether people in the community were generally fit enough to survive an emergency. Comments 
transcribed by means of content analysis. 
90 Selection is outlined in Chapter 4 following the method used in the 1980 Study. 
91 Known as Plan-Do-Study-Act cycle which is commonly used in Healthcare and other similar 
fields to improve the quality or reliability of a process or study (NHS, 2008) 
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Because of the flexibility that is always associated with the case study 
method (Gray, 2009) two author based case studies were added to the 
third cycle of the 2008-2010 to further investigate questions associated 
with assisted evacuation stair descent and the dichotomy associated with 
wider stairs92. (Boxes 3, 6 and 8). 
? The development of findings occurs throughout the process as the theory 
developed from the Exploratory case study is compared initially with the 
additional preliminary results from the Explanatory case studies. (Boxes 
7 and 8). Box 9a-9c is where conclusions and findings are drawn from all 
the studies together. It is here that a longitudinal comparison can be 
made between the exemplar buildings from the Exploratory case study 
and those from the 2008-2010 trial evacuation case study. The 
conclusions from the latter can also be further explained by the 
Explanatory case studies e.g. especially in terms of the falling risk 
associated with the performance of some individuals.  
Analytical framework for relating context to the individual stair 
descent performance outcome. 
 
 Chapter 2 describes the Root Cause Analysis Model that is used to 
demonstrate the level of individual performance in stair descent in the context of 
the associated intrinsic and extrinsic factors. This Model is used extensively in 
the quality co9ntrol of health and safety activities (Portwood and Reising, 2007). 
The derivation of the “model” or framework used to demonstrate relationships 
                                                 
92 The assisted escape case study is a field test of an evacuation chair device with a capacity of 
200Kg to test the descent speed findings of Adams and Galea (2010) and to compare the results 
with descent speeds in the trial evacuations of the 2008-2010 Buildings (M1-M6). The dichotomy 
associated with wider stairs was associated with handrail reach for persons requiring support 
from a handrail on each side of the stairs. The case study here was of an evacuation of a seven 
storey office building in Christchurch during the February 2011 earthquake. 
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between the contextual factors and individual descent performance or capability 
was based on the Functional Capacity Evaluation Model of Matheson et al 
(2003). RCA using the Ishikawa Chart can follow a “structured” deductive 
problem solving process suitable for brainstorming (Portwood and Reising, 
2007). It (Figure 3-6) is therefore to be used for the following purposes: 
? A framework and tool for the Delphi group to identify the contextual 
factors for placement on the “fins” of the Ishikawa Chart and the nature 
of the outcome on the spine resulting from the interaction of the factors 
on the spine of the Chart. 
? A prompt for the members of the focus group where only the 
classifications of the contextual factors determined by the Delphi Group 
are noted and where the factors making up those classifications are 
determined by focus group participants. 
? A framework to summarise the results of each case study and then again 
to combine the results from each case study as an entity e.g. explanatory 
and 2008-2010 trial evacuation case study. 
  
 
 Figure 3-6: Ishikawa Chart as a framework 
 
 For a full explanation of the use of the framework as a FCE tool 
(Matheson 2003) see section 2.9 of Chapter 2. 
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3.3.3 Time Horizons 
 Peeling the next layer of the Research Onion (Saunders et al, 2007) it is 
necessary to establish the time horizon of the PhD Case Study (a multiple case 
study). In this instance the Exploratory case study, which is a re-analysis of the 
author’s 1980 study which comprises a total of eight building trial evacuations 
from which two representative exemplar buildings are selected for further 
comparison with those from the 2008-2010 trial evacuation case study, provides 
the opportunity for a longitudinal comparison. The purpose of this longitudinal 
comparison is to establish whether there is any difference in the stair descent 
ability of individuals over the last three decades as claimed by Pauls, Fruin and 
Zupan (2007). It is considered that is possible to do this because the data 
collection methods have been kept in sync as demonstrated diagrammatically in 
Figure 3-4 above. This is not strictly a longitudinal study in terms of participants 
but rather a longitudinal comparison of cases where the Exploratory case study is 
part of a multiple case study (PhD case study)93. 
 
3.3.4 Data Collection and Analysis Overview 
 The Data Collection layer of the Research Onion (Saunders et al, 2007) 
shows up the mixed methods nature of this PhD case study as suggested by Gray 
(2009) and Amaratunga et al (2002). The methods utilise a combination of 
qualitative and quantitative methods that are consistent with case study 
methodology (Yin, 2009) and triangulation to explain findings and 
interpretations (Hales, 2010).  
 The methods used are summarised as follows: 
? Exploratory case study – re-analysis of descriptive statistics from the 
1980 SPSS V2 hardcopy data along with observation notes and 
explanation of case or building selection criteria. This study is augmented 
                                                 
93 In strict accordance with the selection of case studies as suggested by Gray (2009)  and Yin 
(2009). 
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by a Canadian study carried out in association with the 1970 NRCC 
studies as shown in Box 1 of Figure 3-4 (Beck 1977). The latter contains 
descriptive statistics and chi-squared correlations showing up significant 
relationships between contextual factors and individual performance. 
? Explanatory case studies – These studies comprise the following and the 
associated methods: 
• Delphi Group: utilises a form of the Delphi group known 
as the Policy Delphi (Turoff, 2002) where experts attend a 
facilitated meeting but where consensus is not used to 
reach a combined result based on deduction but rather on 
agreement not to delete. The Ishikawa Chart is used in a 
stripped down format for the experts to establish the 
context and performance issues. 
• Focus Groups: Three focus groups were assembled to 
complete a “bottom-up” study of the context and its 
impact on their descent capability or performance in line 
with recommendations of Krueger and Casey (2000). 
There were three focus groups being one of mature age 
individuals (>45 years as defined in Chapter 2), fuller 
figure individuals (> class 1 obesity as defined in Chapter 
2) and lastly a benchmark group for comparison 
comprising younger and fit office workers as determined 
by the IPAQ system (Sjostrom et al, 2005). Methods 
involved administering the Ishikawa Chart in a stripped 
down format with only the context classifications noted on 
the “fins” (Figure 3-6) and an explanation of what the 
spine (Figure 3-6) represented in “layperson” language as 
a prompt and getting the participants to list those 
contextual factors they thought were critical on the chart. 
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They were also required to complete same questionnaire 
used in the third cycle trial evacuation survey to 
supplement the Ishikawa Chart. On completion of these 
tasks they were asked to undertake a mobility test from 
which their stair descent speed could be calculated (Reiner 
et al, 2002). There were approximately 10 persons in each 
group and SPSS V16 was used to code and analyse the 
questionnaires which were triangulated with the descent 
speeds recorded using Dictaphones. Focus discussion was 
also recorded on Dictaphones which were used in 
association with the other instruments. 
•  Content Analysis Studies: Two studies are involved here. 
The first is a transcript of the WTC 9/11 incident survivor 
recounts of their evacuation experience as recorded by 
Dwyer and Flynn (2004). The second is a record of chat-
room comments recorded on a facilitated New York Times 
(Parker-Pope, 2008) dealing with the fitness of people to 
survive an emergency. The comments mainly revolved 
around the use of and the problems associated with multi-
flight stairs. Content Analysis is a qualitative method 
suitable for abstracting information from “media” 
documents (Heuer et al, 2011; Hsieh and Shannon, 2005 
and Zhang and Wildemuth, 2009). A simplified method 
was developed for classifying the content and that was the 
classification developed by the Delphi Group. Text was 
highlighted from the “content” and these formed 
“comments” which were allocated between the various 
classifications. Axial coding (Strauss and Corbin, 1990 
and Mars et al, 2008) was used to further classify the 
“comments” into sub categories under each classification 
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e.g. stair width under STAIRS. The frequencies of coded 
information were established using simple descriptive 
statistics in order to rank the “comments”. 
 
? 2008-2010 trial evacuation studies 
This is the case study that has been broken into three cycles to allow for 
improvement in the design of the survey questionnaires between  each 
cycle due to the construct validity of the fitness self reporting instrument 
being used. The self reporting system associated with the original 
questionnaire developed from the NRCC template was not  considered by 
one of the Delphi Group members to be adequate so she advised the 
author to try a validated self reporting system and compare  the fitness 
measures with the results from the first two cycles. The IPAQ system was 
selected (Sjostrom et al, 2005). Six buildings were selected  using the 
criteria from the Exploratory case study and as explained in Chapter 4. 
The stairs were measured up and converted into categorical data as shown 
in Appendices A4 and A7 in accordance with templates representing the 
contextual issues established by the Delphi Group for the extrinsic factor 
classification of STAIRS. Trial evacuations were conducted in each one 
of the six buildings being recorded on video camcorders located on set 
floors, observed by a team of qualified observers recording their progress 
on Dictaphones, and the participants surveyed via a questionnaire a copy 
of which may be found in Appendix A3. The questionnaires were 
collected and SPSS V16 used to code and analyse the data using 
descriptive statistics, correlation analysis and regression analysis. Data 
was also reduced using a combination of factor and causal analysis 
(regression). The survey  results are triangulated with the observed 
results using a system that is described in a subsequent section. The 
Explanatory studies are also used to further explain the results in the form 
of discussion.  
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• Author based case studies – There are two case studies. These case 
studies were found to be necessary on completion of cycle 3 of the 2008-
2010 trial evacuation studies in that there were two issues that required 
further study. The case study method is flexible (Yin, 2009) and therefore 
permits the addition of subsidiary cases that were not included in the 
original selection94. The first case was to test the findings of Adams and 
Galea (2010) concerning the ease of using an evacuation chair device in a 
group of people descending the stairs. The original study had only tested 
a device with a capacity of 75Kg. The Fuller Figure focus group 
identified the possibility of requiring a device with a capacity of 200Kg. 
The method used was an on-site test using the author with additional 
“padding” as the subject on a stair with a pitch of 380 plus using fully 
trained operators as was the case with the mobility impaired female 
person in the WTC 9/11 incident study (Zmud, 2007 and Dwyer and 
Flynn, 2004)). The procedure is fully described in Chapter 4. The results 
are presented and discussed in Chapter 7 and Appendix A7. The issue of 
wider stairs had been raised in a number of studies (Pauls, Fruin and 
Zupan, 2007 and Peacock et al, 2009). During the Christchurch 
earthquake in February 2011 the author took part in an emergency 
evacuation of a seven storey office building. The author is obese with a 
BMI of 33 at the time. He has lower limb pain and a fear of falling. The 
stair was provided with two handrails and was 1000mm wide between 
walls. The writer held up a large group of people because of his slow 
descent speed and also that he needed to grasp both handrails for support. 
The method used to transcribe this study was to recreate the “train” of 
events by self observation and interviews of colleagues on the day of the 
event. The question that was asked was: 
                                                 
94 See Box 2 of Figure 3-3 for initial process step. The decision to include the two additional 
studies was made during the analysis of the 3rd cycle of the 2008-2010 trial evacuation studies as 
this is where the two issues were identified. 
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 “What would have happened if the stair had been 1500mm between walls 
 so as to allow for overtaking95? 
 The time line was recreated and the results analysed using the Ishikawa 
 Chart to study the level and context of the author’s performance. The site 
 is described in Chapter 4 and analysed in Chapter 7 after the 2008-2010 
 trial evacuation studies. 
• Analysis and Findings 
 The author’s 1980 study hardcopy that was available was re-analysed in 
 Chapter 5 to form the theory for the analysis of the main 2008-2010 trial 
 evacuation case study data in Chapter 7. It was initially compared with 
 the results of the Explanatory case studies in Chapter 6. In each case the 
 analysis and discussion was summarised in an Ishikawa Chart so that the 
 individual stair descent performance issues could be viewed in context.  
  
 The Explanatory case study results are all analysed and discussed in 
 Chapter 6 using the mixed methodology96 described above. The outcome 
 of the analysis was used to explain or otherwise the outcomes from the 
 2008-2010 trial evacuation studies. Once again the combined outcome is 
 presented in an Ishikawa Chart at the end of Chapter 7,  
 
 Conclusions are drawn from Chapter 7 and presented as findings in 
 Chapter 8 in terms of the delivery of the PhD Case Study aim and 
 objectives. The findings are also examined with implications for the 
 future and study limitations established. The principles advised by Yin 
 (2009) were followed and a combination of bottom-up and top-down 
                                                 
95 The author still would have needed to use the two handrails for support so that there were 
issues of reachability and group delay. 
96 Content analysis for the media type information, Delphi group process to establish the context 
and performance parameters, and focus groups to compare groups with varying functional 
abilities in terms of fitness with those in the 2008-2010 trial evacuation case studies. 
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 reasoning used especially in integrating the results from the multiple case 
 studies forming the PhD Case Study. 
  
 
3.3.5 Reliability of Research Process Design. 
 According to Yin (2009) there are four main heads of consideration for 
the design of any research process, especially that involving the Type 3 or 
multiple case studies. These heads comprise: 
 
• Construct validity 
• Internal validity 
• External validity 
• Reliability 
 
Construct validity 
 One problem associated with case studies involving mixed methods is 
that the operational procedures for gathering data may be seen to be based on 
subjective judgements could be used to collect the data. Correct operational 
procedures therefore need to be adopted for the concepts being measured (Yin, 
2009) e.g. structured content analysis for deriving data from media. Correct 
operational procedures apply especially to the survey, observation and recording 
of the trial evacuations so that the contextual and performance issues are 
comparable between buildings, otherwise generalisations cannot be made. The 
procedures for each case study were designed with this in mind including the 
Exploratory case study. The construct validity of the overall PhD Case Study is 
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supported by multiple sources of evidence97. The procedures are described in 
Section 3.4 
 
Internal validity 
 Internal validity in case study design is concerned with the creation of the 
ability available in the analysis of the data to establish causal relationships where 
one condition can lead to another (Yin, 2009) e.g. relationship between obesity 
and stair pitch to contribute to falling. It is not normally of concern in studies 
such as those of the trial evacuations which are just standard case studies but it 
can be of use in the analysis of descriptive statistical data for each trial 
evacuation. Patterns or trends may emerge. Pattern matching is a technique that 
needs to be available (Hak and Dul, 2009) here where “trends” or “directions” 
implied by the data can be matched between cases so that generalisations can be 
made (Yin, 2009). Spurious relationships can be dispensed with being one of the 
purposes of the inclusion of the Explanatory case studies to explain data from the 
main 2008-2010 case study.  
 
External validity 
 One of the main reasons for selecting the case study method besides its 
flexibility is knowing whether or not the findings are generalisable beyond the 
immediate case study in question. Replication logic can be used to support this 
type of validity (Yin, 2009). Also when a finding appears to be generalisable 
such as the causes of falling the finding that may be generalised is the individual 
is hurrying (Mademli et al, 2008) which can represent a group of factors. 
                                                 
97 One of the main major strengths of mixed methods is the use of triangulation to tie the 
evidence together so that reliable conclusions can be drawn. This also includes the integration of 
data from the Explanatory case studies which form part of the 2008-2010 case study in 
association with the trial evacuations. The chains of evidence also need to be clear. The reliability 
is therefore drawn form rigorous properly applied operational procedures.  
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Replicating can be achieved across a number of cases and is one of the reasons 
for the selection of a range of buildings and stair types in the 2008-2010 trial 
evacuation study.  
 
Reliability 
 Reliability is most likely the one that is the most familiar in research 
design. This relates to the replication of protocols between cases (Yin, 2009). For 
example the content analysis procedure followed between the WTC9/11 incident 
study and the New York Times Blog study used a common information 
classification framework and then axial coding to populate the classifications 
(Strauss and Corbin, 1998). The classifications comprise the context made up of 
extrinsic and intrinsic factors associated with descent of multiple flights of stairs. 
Reliability is directly improved by the use of RCA Analysis across all the case 
study types (Portwood and Reising, 2007) and the associated Ishikawa Chart 
(Ishikawa, 1982).  
Triangulation 
 Triangulation of the data in the PhD Case Study mainly applies to the 
2008-2010 trial evacuation case studies (part of the 2008-2010 case study). There 
are three sets of data from the trial evacuation studies being: 
 
• Survey based i.e. survey of the office workers completing the trial 
evacuations copies of which may be found for each cycle in the Appendix 
A3. 
• Observations by observers in accordance with a written set of procedures 
from Dictaphone sound files where the observers descended the stairs 
with the office workers from each trial evacuation and recorded their 
progress. 
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• Observations of video captured visual images of evacuating office 
workers where their progress, pattern of movement and intrinsic 
characteristics are recorded to a time based stair descent spread sheet 
using Excel. The x-axis would represent the time at entry of the first 
evacuee into the stairs extending to the time that last person passed 
through the final exit to that stair. The y-axis represents the number of 
levels in the building. 
 
The process of triangulation will be in accordance with the guidelines set down 
by Hales (2010). Triangulation relates to evidence and to its reliability. It is 
summarised and explained in Figure 3-7 
 
 
 
 
Figure 3-7: Check for convergence of evidence in PhD Study                 
(Derived from Yin (2009)) – Green highlighted boxes indicate techniques used 
 
The collection from multiple sources places a burden on the researcher, but can 
be extremely useful in checking evidence i.e. showing that evidence converges. 
A simple example of this is the formation of groups. The survey respondent 
indicates that they entered a stair with a friend or in a group as a direct answer to 
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a question in the survey questionnaire. The observer descending the stairs as part 
of a group can confirm this as can an observer transcribing video captured 
evidence to a spread sheet (Boxes 2 and 4). The range of group behaviours that 
could be expected could also be triangulated (Boxes 1, 2 and 5). The 
classification of the context could also be checked (Boxes 1, 5 and 6). Where the 
findings confirm one another then the issue being checked is successfully 
triangulated. Even when one piece of evidence does not “converge” with the 
other, they may still be used to explain what is happening (Yin, 2009).  Figure 3-
7 therefore represents an overview of the triangulation process used in the PhD 
Study widely used in Chapter 7 and to establish findings in Chapter 8. 
Conclusions on case study design 
 Reliability and validity are both grounded in evidence and method 
protocols. The design must therefore: 
   
? Show that the analysis relied on all available evidence. 
? Challenge the analysis via the main rival theories e.g. obesity vs. 
 descent speed or obesity vs. fatigue (Galea et al, 2008; Proulx et al,   
 2007; and Peacock et al, 2009). 
? Addresses the most significant aspect of each case study even if the data 
 presented is in the form of “outlier”98 events such as a fall (Pauls, 2011). 
? Uses the author’s prior, expert knowledge and experience to further the 
 analysis as he was immersed (Yin, 2009) in both the exploratory and 
 2008-2010 case studies. 
 
                                                 
98 The term outlier is used here in terms of frequency where the outlier represents a very low 
frequency of occurrence of a variable that is an extreme of the action of descending stairs which 
comprises a series of small falls from which the person recovers (stability) whereas a fall as 
defined in the text is where someone comes to rest on the ground and is most likely injured 
(Tinnetti et al, 1988). See also Pyle (1998) for definition of outlier dealing with frequency of 
occurrence 
     116
Finally considering the objective of the PhD Case Study (1.3.3) it is 
necessary to consider the concept of categorical aggregation (Tellis 1997) as a 
more comprehensive method of analysis to pattern matching (Hak and Dul. 
2007). Multivariate regression is extremely useful when the objective of a study 
is to test a relationship in the context of many other contextual or explanatory 
variables. A great deal of the data gathered has been coded into a categorical 
format so that some form of categorical aggregation may be required. This would 
mean the use of Multivariate Regression Analysis (Liang et al, 1992). Further 
reading and comparison of examples put forward by Liang et al, (1992) show 
that Logistic Regression if properly constructed can provide results that are 
comparable with the Multivariate approach (Miles and Shelvin, 2001). 
 
3.4 The PhD Case Study Method and Description 
 The strategy adopted as a result of peeling the research onion (Saunders 
et al, 2007) in the context of the strategy adopted in the author’s 1980 study99 is 
basically a multiple case study using mixed methods (Gray, 2009; Yin, 2009 and 
Amaratunga et al, 2002). The PhD (multiple) case study comprises 
 
• Exploratory100 – re-analysis of the author’s 1980 study of trial 
evacuations on the Eastern Seaboard of Australia to set the theory and 
foundation for the entire case study. (Box 1 highlighted blue))  
• Explanatory100 – used to supplement and triangulate with the main 2008-
2010 trial evacuation case study.(Box 2 highlighted yellow being the 
Delphi Group and Box 4 highlighted green being the focus groups.  
• Trial Evacuation study using multiple sources of evidence100 from 
different data collection methods being survey, direct observation of 
                                                 
99 Study of the trial evacuation of eight buildings on the Eastern Seaboard of Australia in the 
1980’s which was never4 fully completed due to insufficient resources and funding. 
100 As defined by Gray (2009) and Yin (2009) 
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evacuees in accordance with formal instructions and data collection of 
evacuees captured on strategically placed video cameras within each 
stairwell. There are also two additional real world case studies associated 
with the trial evacuations described in the last section and also in Chapter 
4.(Box 2 highlighted lighted blue) 
 
The process is shown in Figure 3- 5 in terms of case study process theory and 
practice (Yin, 2009) and also in Figure 3-8 describing the interrelationships in 
terms of analysis and interpretation  to aid with the description and methods 
covered in Sections 3.5 – 3.7. Figure 3-8 contains additional explanatory test in 
this regard. 
 
 
 
 
 
 
 
 
 
 
     118
 
Indicates the spine of the 2008-2010 Case Study Research Process designed in accordance with 
guidelines provided by Yin (2009) comprising three plan-do-study-act cycles (NHS, 2007) each 
of which involves the observation, survey and analysis of individuals descending stairs in trial 
evacuations of two buildings using mixed research methods.  
Also two author based case studies to clarify two issues raised in the literature review 
concerning assisted evacuation on the stairs and also increased stair width and handrail 
reachability. 
Delphi Groups are formed and opinions obtained with consensus being reached in a two stage 
operation. These opinions, stated in the form of populated Ishikawa Charts, are used to frame 
and triangulate the survey and observation results from the building trial evacuations in each 
Cycle.  
Focus Groups are formed and individual and group opinions sought which are compared with 
responses from a questionnaire similar to those used for participants of the trial evacuations. 
They also undertake walking tests where the resultant walking speed is converted to stair 
descent speed (Riener et al, 2002 and Fujiyama and Tyler, 2010)    
Benchmark Group of young fit office workers is formed to frame the analysis of the focus 
groups. A timed and audible record was made of the stair descent test of each member of the 
group. A study of the performance of a ” fuller figure” male in the evacuation of an eight storey 
building in the Christchurch Earthquake is also included because of the uniqueness of the event 
but also to reinforce output from the Focus Groups and the impact of the critical extrinsic 
factors.                
 
Figure 3-8: Case Study Process – Section 3.4            
(read in conjunction with Figure 3- 5). 
(4) 
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3.5 The Exploratory case study 
 Section 3.5 should be read in conjunction with the Appendix A3, Chapter 
4 and also Chapter 5. 
 
3.5.1 History 
 The original 1980 trial evacuation study was carried out on the Eastern 
Seaboard of Australia in the 1980’s by the author as a researcher with the 
University of Technology, Sydney. The study involved the observation and 
survey of the trial evacuations of office workers from eight office buildings, with 
two building in each of the cities of Brisbane, Sydney, Melbourne and Adelaide, 
The State building regulations covering the design and construction of the 
buildings were all based on the former Australian Model Uniform Building Code 
so that the egress requirements were basically the same. The research design and 
operational protocols for the project were set up by an expert group comprising 
Jake Pauls101, Edwina Juillett101, Jonathan Sime101 and the author101. The group 
did not utilise the Delphi technique to carry out this design. They were 
responsible for the following: 
• Establishing a process to deliver the objectives of the egress part of the 
overall project brief (not repeated here as original documentation is no 
longer available). 
• Selecting the buildings to form part of the study in accordance with 
criterion they set. The buildings needed to be over 25m in height, have 
two stairs, one of which discharged to the outside at ground level with the 
other permitted to discharge into the ground floor lobby with the range of 
heights of the buildings extending from the 25m to a maximum height 
that the team could gain approval for a trial evacuation to be held where 
                                                 
101 Jake Pauls then researcher with the National Research Council of Canada, Edwina Juillett a 
life safety specialist from the USA and Dr. Jonathan Sime then Research Fellow at Portsmouth 
Polytechnic and the author who was Principal Researcher in the faculty of the Built Environment 
at the University of Technology, Sydney. 
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occupants would be allowed to descend the full height. This height was 
some 45 storeys.  
• Designing a survey that could be handed out to the evacuees as they 
exited the stairs without decreasing the flow rate and that addressed the 
project brief in terms of data collection. See Appendix A3 for a 
reconstructed copy of the questionnaire. The team also designed a coding 
system. The questionnaire and coding system were based directly on the 
same instruments used in the NRCC evacuations in Canada in the 1970’s 
(Pauls, 1974). 
• Designing the trial observation protocols and checklist for the observers 
who followed the evacuees down the stairs from predetermined floor 
levels and using Dictaphones which they turned on before the activation 
of the alarm the observers recorded the progress of the group they were 
following. A copy of the protocols is included in Appendix A3. 
•  Designing a video capture system that would record the exiting pattern of 
the “incident” floor population into each stair and also the final exits. The 
positioning at the final exits was to be such that the images would include 
the people handing out the questionnaires. The latter were numbered so 
that it would be possible to triangulate survey responses with their exit 
time as well as their floor of origin. It also allowed for the identification 
of the person on the videotape from the intrinsic characteristic questions 
asked in the questionnaire. 
• Designing a stairwell measurement template. 
• Testing the system on the first building including coding the 
questionnaire, analysing the results using SPSS V2.1 and transcribing the 
data from the Dictaphone tapes on to observation logs where descent 
times and associated comments were noted. Copies of these documents 
may be found in Appendix A3. 
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There were a total of eight buildings selected as noted above in line with the 
criteria and descriptions described in Chapter 4. The average height was 
approximately 24 storeys. Most of the stairs had a pitch of some 370 and 250mm 
treads and of concrete construction. Building 6 in Adelaide was not as steep as 
the other buildings as can be seen in Chapter 4. Each building had an evacuation 
plan in place. 
 The video cameras were fixed in position on the evening before the trial 
evacuation and questionnaires numbered and allocated to the stairs where they 
were to be handed out outside the final exit. The cassette tape recorders were also 
numbered according to the relevant floor level and tapes loaded. Watches were 
set to a reliable time source. All other equipment including batteries was tested 
and charged where necessary. A team of observers were assembled and trained 
prior to each exercise. These individuals had all participated in trial evacuations 
before so that they were familiar with the process. They were given observation 
instructions102 and check lists. On the day of the exercise the team assembled in 
ground floor lobby of the subject office building approximately 20-30 minutes 
before the exercise was due to commence. The observers were assigned to set 
floors which was usually on a ratio of one every four floors103. They proceeded 
to their assigned floors about ten minutes before the sounding of the initial alarm 
and after everyone had synchronised their watches. The video cameras were 
turned on at the same time. The recorders were turned on five minutes before the 
designated start time with a reference start time recorded. Once the alarm 
sounded the observers proceeded to record the flow of people into their 
designated stair according to their gender recording “Q” for females and “P” for 
males. The recorder recording rate was set to real time so that it was a time scale 
in itself. In accordance with their instructions the observers entered the stairs 
with people in the last group. As they descended the stairs the recorded “landing” 
                                                 
102 See the Appendix A3 for a detailed copy. 
103 Set by the expert group based on their experience in previous studies (e.g. Pauls, 1974) 
     122
and floor number as they stepped on to the main landing on each storey. They 
also recorded the number of people in front of them on the flight, their 
distribution on the stair and the number using the handrail. Observers were also 
asked to report when they were slowing down, when others were entering on a 
level below them together with their floor number and the extent of the delay. 
Once they reached the final exit they reported this and made themselves known 
to the observer handing out the questionnaires. This report was also picked up on 
the recorder of the person handing out the questionnaires and could be cross 
checked by the research team. The video tape images were provided with a time 
stamp. The time at which the alarm was operated also provided a valuable cross 
reference. 
 The questionnaires were collected the following day from the floor 
wardens and sorted into floor levels. An average response rate of 25% was 
achieved. On completion of the exercise the tapes were removed from the 
recorders and the cameras. The expert group had designed observation logs for 
transcribing the results. The method used started with the transcribing the 
information from the final exit observers as this created the exiting profile by 
questionnaire number. Observers’ tapes were then analysed followed by the 
video tapes. Gradually the entire stair descent and exiting sequence was 
reconstructed using the same technique used by Pauls (1988). An example of this 
document known as the stair descent chart may be found in Chapter 4 and 
described above. Each “path” represented the progress of an individual from their 
originating floor to the final exit. Observer comments could also be added 
relating to points in time and stair conditions at that time. The video tape 
evidence provided by the camera at each final exit allowed for the survey 
respondents to be identified. This provided valuable data for triangulation as 
described by Hales (2010).  
 The questionnaires from each exercise were coded and the data entered 
and analysed using SPSS V2.1 (see Figure 3-9). Each of the exercises for 
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Buildings 1-8 is summarised in Chapter 4 together with a description of each 
building together with all the other information that is still available.  
 
 
Figure 3- 10: SPSS V2.1 Printout Example 
 
 The overall project was never fully reported but the author still had some 
hardcopy SPSS V2.1 printouts, some examples of the observation logs, building 
details and observation notes. A copy of the questionnaire was available but 
missing three pages. The questionnaire was reconstructed and is included in 
Appendix A3 with a summary of the information that was abstracted from it for 
re-analysis in the Exploratory case study. 
 
3.5.2 Exploratory Case Study Method 
 The only data remaining from the 1980 Study described in the previous 
section was: 
• Hard copy SPSS V2.1 Data Analysis Printouts 
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• Some examples of observation logs 
• Partial copy of questionnaire which has been reconstructed from 
information from the computer printouts. 
• Some examples of completed observation and video tape logs used to 
prepare stair descent charts an example of which is included in Chapter 4 
for one of the buildings.  
• Some copies of observation notes including a description of a fall due to 
vertigo in Building 4. 
 
The data that was most suitable for re-analysis in line with the aim of the PhD 
case study was required to answer the following questions: 
 
(a) Whether or not it was feasible to continue a similar current case study in 
line with the Aim of the PhD Study as stated in Chapter 1? (Yin, 2009) 
(b) The feasibility of using findings from the exploratory case study as the 
basis of a longitudinal link with the findings of the 2008-2010 Case 
Study? 
 
 The data that was most suitable fitted within the classifications used to 
interrogate the literature in Chapter 2 as well as forming the context in which the 
performance of office workers going down multiple flights of stairs was to be 
studied. These classifications are also confirmed by the Delphi Group as 
presented in Chapter 6. 
 The original analysis was carried out using SPSS V2.1104 and was 
archived on magnetic tapes. The latter were destroyed when the research was 
terminated. The only data that remained was in the form of hard copies of tables 
                                                 
104 Statistical Package for the Social Sciences Version 2.1 
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and project notes. This section shows the data source105 and makeup for the 
exploratory case study. 
 
 
Original survey design and data collection 
 The original questionnaire formed the basis of a survey of the total 
evacuation process and other emergency related issues. The questionnaire was a 
survey tool used to elicit and record the responses of office workers to a trial 
evacuation in their place of work. Not all the questions forming part of the 
original questionnaire are therefore directly applicable.  
 The questionnaire was originally divided in to the following broad 
sections: 
(a) Early stages of the evacuation (including level on which they 
commenced the evacuation)  
(b) Movement to and down the stairs 
(c) Reconstructed questions covering 
? Physical characteristics 
? Fire warden status, role and experience 
? Organisational role and status 
? Impact of going down the stairs 
? Stair choice 
? Group actions and experience 
? Location at time of alarm 
? Obstructions on stairs 
? Functional limitations and difficulties with stair traversal 
? Estimated descent capability 
? Normal stair use – level of fitness 
 
                                                 
105 Data source referred to here is the questionnaire. 
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 The questionnaire included in Appendix A3 has been highlighted in 
accordance with the data classifications referred to in Chapter 3 and analysed in 
Chapter 5. The classifications are shown in the following section.
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Table 3- 2 : Classifications of 1980 data for further analysis in the exploratory case study. 
? Extrinsic 1 - stair environment and location 
? Extrinsic 2 – stairs  
? Extrinsic 3 – handrails, lighting and maintenance 
? Extrinsic 4 - density - others 
? Extrinsic 5 - delays – others 
? Extrinsic 6 - group formation 
? Intrinsic 1 – confidence 
? Intrinsic 2 – ability 
? Intrinsic 3 – fatigue and distance106  
   
 
Building One 13 storeys / 5 levels of car parking 
Building Two 19 storeys 
Building Three 33 storeys 
Building Four 45 storeys 
Building Five 7 storeys 
Building Six 16 storeys 
Building Seven 20 storeys 
Building Eight 19 storeys 
Table 3- 3: Summary of building heights  
                                                 
106  Taken as an initial indicator of individual performance and included an estimate of how many 
storeys the respondent estimated they could cope with. 
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The response frequencies are all contained in separate tables as set out in 
Appendix A5 being for each of the eight buildings summarised in Table 3- 3 
above. Fatigue and distance was initially proposed as the indicator of individual 
performance based on the claims of Pauls, Fruin and Zupan (2007) and Peacock 
et al (2009).  
Supplementary evidence to further support re-analysis of 1980 data.
  
 There was insufficient data to complete any form of analysis because the 
individual raw data was not available. The method was developed as follows: 
 
• Seeing the 1980 Study survey design was directly based on the NRCC 
trial evacuation studies (Pauls 1974) it was considered that the resultant 
would be in sync and the intent of this argument is confirmed by Pauls 
(1988). 
• Seeing the NRCC studies were conducted in Canada there was a need to 
compare the intrinsic population characteristics of the Australian and 
Canadian populations especially concerning age, gender and fitness 
indicators such as the level of obesity. This comparison was completed 
using statistics prepared by Rowland (1991) and similarities confirmed. 
• Because of the similarities between the two studies it was decided to use 
a health science study of stair use of the same buildings (Beck 1977) that 
were studied in the NRCC study (Pauls 1974),  
 
 The Beck data (1977) and research method were studied and it was 
determined that it could be compared with the 1980 study data as partial 
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explanatory case study107 to establish whether or not the aim of the PhD Case 
Study could be delivered. The data from the Beck study (1977) was in the form 
of two tables listing the extrinsic elements for the three separate buildings and 
generalised across the three for the intrinsic characteristics. 
  When Table 3- 2, Table 3- 4 and Table 3-5 are viewed the contextual 
issues that are included complement those summarised in the Ishikawa Chart at 
the conclusion of Chapter 2, 
 
Table 3- 4: Table of Extrinsic Elements from Beck Study 
                                                 
107 This would be termed an embedded explanatory study i,e, embedded within the Exploratory 
Case Study (Yin, 2009) 
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Intrinsic Elements Frequency (%age) 
Age  
18-30 58.6 
31-40 21.8 
41 plus 19.6 
Gender  
Male 49.25 
Female  50.75 
Fitness attitude  
(5) very conscious 
(4) conscious but only walk 
(3) somewhat conscious but 
most likely lazy 
(2) conscious and no action 
(1) no answer 
(5) = 39.8 
(4) = 44.8 
 
(3) = 12.7 
 
(2) = 2.5 
 
(1) = 0.2 
Reasons for not using 
stairs 
 
Health conditions including 
physical impairment, reduced 
vision and other 
4.0 
Vertigo and dizziness 2.7 
Fear of falling 1.5 
Stairs unpleasant 8.2 
Job does not permit it 15.4 
Takes too long 7.2 
Don’t know 7.6 
Table 3-5: Table of intrinsic characteristics generalised across the three buildings in Beck 
Study, 
 The data is re-analysed in Chapter 5 in two parts. Firstly the Beck study is 
analysed and discussed as representing the fitness and stair use status referred to 
by Pauls, Fruin and Zupan (2007). The 1980 study comprising the intrinsic and 
extrinsic contextual elements referred to in Table 3-2 was summarised into a 
master table for all eight buildings so that pattern matching108 (Hak and Dul, 
2010) would be possible. This was especially relevant given density109 may 
                                                 
108 Pattern matching in terms of trends based on similarity or changes due to building height or 
distance (Peacock et al, 2009). 
109 That is number of people per m2 of stair plan area 
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indeed mask fatigue (Galea et al, 2008 and 2011).  Once the pattern matching 
was completed and the results discussed they were compared with the outcome 
of the Beck Study (1977) and conclusions presented in the form of an Ishikawa 
Chart at the end of Chapter 5. There was also sufficient data to carry out a 
regression analysis of distance and fatigue as well as overall population descent 
capability. The causal relationships (Blaikie, 2003) established were generalised 
(Yin 2009) across the studies to provide a preliminary indicator for further 
examination in the 2008-2010 case study. 
Exemplar Building Comparison 
 Two of the eight buildings (Table 3- 3)110 were selected as being 
representative of the eight buildings re-analysed in the Exploratory case study for 
further comparisons within the 2008-2010 trial evacuation buildings profile. The 
proposed comparisons are possible because the data is in sync111 and also allow 
for a specific longitudinal comparison to be made. The elements that were in 
common are listed in Table 3-2. The comparisons are made in Chapter 7 and 
comments about apparent trends. Examples of these trends concern individual 
stair descent ability or performance generalised. The claims raised by Pauls, 
Fruin and Zupan (2007) are tested in Chapter 7.  
 
                                                 
110 Buildings 3 and 7 which were two of the only buildings which had not been refurbished and 
where access was still available so that the stairs could be re-measured and photographed so that 
the template as set out in Appendix A3 could be completed and included in the factor analysis of 
the factors in the STAIR classification. 
111 Commonality between the survey questionnaire design as shown Figure 3-4 where the 
extrinsic and intrinsic issues were in common with those from the 2008-2010 trial evacuation 
survey. 
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3.6 2008 – 2010 Case Study (Embedded Explanatory Case 
 Studies) 
3.6.1 Selection  
 The aim of the PhD Case Study is: 
 
To study the performance of mature age office workers descending multiple 
flights of stairs in trial evacuations of high rise office buildings in the context 
of extrinsic and intrinsic factors. 
 
 Parker-Pope (2008) in an introduction to a community discussion on a 
New York Times Blog was whether or not the average person was fit enough to 
survive an emergency incident. This sought views and provided potential data for 
a study of the comments re stair use in trial evacuations. A further media study 
was carried out by Dwyer and Flynn (2004) from the interviews of survivors and 
also interrogation of telephone calls made by occupants of the two towers. After 
extensive searching of other similar studies (Fahy and Proulx, 2005), it was 
decided to select Parker-Pope (2008) and Dwyer and Flynn (2004) for further 
analysis as part of the embedded explanatory study (Yin, 2009).  
 
 The most likely intrinsic characteristics that would affect stair descent 
capability were fitness and these are more than likely associated with those who 
are obese (Bohannon, 1997 and Al-Abdulwahab, 1999) and over the age of 45 
years (Fujiyama and Tyler, 2010 and Lauretani et al, 2003). The author was 
provided with an opportunity to design and conduct two focus group sessions 
using occupants from building M6 using guidelines provided by Krueger and 
Casey (2000) and Larson et al (2004) to ensure that every opportunity was 
provided to the group to develop the contextual factors that affected them when 
descending the stairs. The criterion for selecting the focus group members was 
that they were obese or over the age of 45 years which is the age of the mature 
office worker (MacGregor and Gray, 2001). Very simple invitations were sent 
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out to the building occupants via the Health and Safety Managers of the bank 
who was the sole tenant of the building.  
 
 Two of the case studies selected thus far involved individuals who would 
not be classified as experts112. In order for the 2008-2010 case study to “continue 
on” from the 1980 Study there was a need to re-assemble an “team of experts” to 
establish the contextual issues from the “top-down” where they would be 
expected to develop a contextual classification system using the RCA Ishikawa 
Chart as a tool (Portwood and Reising, 2007). Nominal groups or the Delphi 
method were seen as being suitable for this study (Hsu and Sandford, 2007).  
 
 Three case studies were therefore seen as forming the embedded 
explanatory study for the overall 2008-2010 Case Study. The methods proposed 
are described in the next three subsections being; 
 
• Expert Study – an adaptation of the Delphi Technique where the coding 
tool is the RCA Ishikawa Chart (Portwood and Reising, 2007). 
• Analysis of media accounts concerning evacuation and stair descent using 
Content Analysis (Hsieh and Shannon, 2005 and Fahy and Proulx, 2005) 
and a combination of coding methods that includes axial coding (Strauss 
and Corbin, 1998) with the core consistencies framed by the Delphi 
group. 
• Design and conduct of focus group studies following the guidelines set 
down by Krueger and Casey (2000) and Larson et al (2004).  
  
 
                                                 
112 An expert is generally defined in the Oxford English Dictionary as a person who has a 
comprehensive and authoritative knowledge of or skill in a particular area or field. 
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3.6.2 The Delphi Group (Embedded Explanatory Study) 
The Delphi Technique in General 
 The Delphi technique is a widely used and accepted technique for 
gathering data from respondents within their field of expertise (Hsu and 
Sandford, 2007). According to Turoff (2002) the technique involves the setting 
up of a group of experts who are generally not known to each other and then to 
request them complete provide comments and estimates on a problem that is set 
by the study facilitator (Graefe and Armstrong, 2011). The survey is normally 
conducted by correspondence using a number of iterations. After each iteration 
the estimates and comments are summarised and sent back to the participants as 
feedback. The participants then revise their estimates etc. and return them as 
before. There may be up to four or five iterations with the final document 
representing an aggregation of the findings (Graefe and Armstrong, 2011). 
Seeing reliability is considered to be vital between cases in any multiple case 
study, replication in coding and framing of data is advisable (Yin, 2009). The 
RCA (Portwood and Reising, 2007) cause and effect approach was used as the 
framing tool and this is similar to axial coding based on functional similarities 
between the contextual issues and how these all relate to the study of stair 
descent.  
The technique adopted 
 The objective of the proposed Delphi study was to: 
 
“To correlate informed judgements in a topic spanning a wide range of 
disciplines” 
  
 This objective agrees with the purpose of Delphi group outcomes 
suggested by Hsu and Sandford (2007). The author developed a technique based 
on facilitated consensual opinion seeing this suited the RCA approach and still 
relied on the eliciting of the initial expert comments and estimates being carried 
out separately. The author was relying on a “tolerated” consensus i.e. one where 
     135
the experts would agree not to delete certain opinions in the second round in a 
two-tier approach. Consensus is not totally ruled out by all experts on Delphi 
(Hsu and Sandford, 2007) so that a “tolerated” consensus was utilised. 
 A two-tier approach was used which involved the selection of a Delphi 
Group that comprised two sub-groups. The selection of group members was 
supposed to be based on one member not knowing the other (Turoff, 2002). This 
was a difficult requirement to comply with, given that the field comprises so few 
researchers. The US members did know each of each other. The UK members 
did not know one another and only one knew of the other. This was considered to 
be an even balance given the guidelines provided by Turoff (2002). 
 
 
 
 
Figure 3-11: Explanatory study Delphi Group composition and process 
 
US Expert 1 
engineering science 
fire safety engineer – 
human behaviour 
specialist 
US Expert 2 
engineering science 
fire safety scientist 
and egress modeller 
 US Expert 3 
engineering and 
health  science 
ergonomist – stair 
safety 
UK Expert 1 
engineering science 
– environmental 
psychology 
UK Expert 2 
health science – 
bariatrics   
UK Expert 3      
health science – 
biomechanics 
engineer 
UK Expert 4 
engineering science 
– architectural stair 
safety 
   Facilitator         
ROUNDS ONE & TWO              
6 classifications  
 
Experts critique US Ishikawa and suggest 
 4 classifications and reduced sub-categories 
US chart should form aid de memoire   
FACILITATOR “CORRELATES” CRITIQUE 
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The group was assembled as described in Figure 3-11 above. The group 
comprised two sub groups one located in the United States and the other in the 
United Kingdom. The experts are highly qualified in their field and all have 
published internationally in peer reviewed journals or have been part of an 
international research project connected with the problem. A summary of their 
curricula vitae may be found in the Appendix A3. The make-up of the group was 
as follows: 
 
• The US Group members comprised one of the members of the original 
1980 study expert group referred to under the Exploratory case study. The 
other two experts are involved in the post WTC 9/11 incident research 
programme at the National Institute of Standards and Technology (NIST) 
in the field of egress113.  
• The UK Group complimented the US Group in terms of disciplines in 
terms of the objective of the Delphi Group study as noted in the first 
paragraph of this section (Hsu and Sandford, 2007) in terms of their 
multi-disciplinary backgrounds.114 
 
Due to time constraints a facilitated “Nominal Meeting” (Graefe and Armstrong, 
2011) approach was used to gather and challenge the opinion. The anonymity 
requirements (Turoff, 2002) between members was achieved by the two tiered 
approach with one sub-group being located in the US and the others in the UK. 
The author acted as a facilitator to the group and the conduct of the study 
followed the process summarised in Figure 3-11 producing the outcomes in line 
                                                 
113 US Group comprised Jake Pauls, Dr. Erica Kuligowski and Jason Averill. 
114 UK group comprised Mike Roys of the Building Research Establishment being an expert 
Architect on stair safety, Dr. Neil Reeves, biomechanical engineer specialising in stair climbing 
from the Metropolitan University of Manchester, Dr. Patricia McDermott, Environmental 
Psychologist from the School of Sports Science, University of Loughborough and Anita Rush, 
Bariatric Health Care Consultant from the NHS who participate in the study of Hignett et al 
(2007) concerned with the movement of morbidly obese people.   
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with Figure 3-12 below. Face to face interaction within the group was kept to a 
minimum especially so a dominant member would not take over the process with 
two facilitated meetings being held at different times representing a total of three 
rounds of the Policy Delphi technique (Turoff, 2002). The US Group met first in 
Gaithersburg, Maryland at the offices of NIST and the author acted as the 
facilitator. The brief was straightforward. An Ishikawa Chart (Ishikawa, 1982) 
with suggested classifications formed the questionnaire together with aim of the 
PhD Case Study. The instructions were to re-classify and then populate the 
context of individual stair descent performance in trial evacuations. A chart was 
handed to each member of the group and they completed the classifications. 
They returned the charts to the author who then circulated them with comments. 
The classifications were set at six as shown in Chapter 6. The charts were then 
handed out again and the members asked to populate each classification. On 
completion of this task the charts were circulated with a request whether or not 
there was anything further to be added. The facilitator then gathered up the charts 
and combined all the information on to one chart. This chart is “Outcome 1” as 
shown in Figure 3-12 below: 
 
 
Figure 3-12: Delphi Group Two Tier Development of RCA Ishikawa Chart 
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 The UK sub-group was assembled at the University of Salford shortly 
after the completion of “Outcome 1” and each member supplied with a copy of 
the document, the PhD Case Study aim and a request to modify the chart 
according to their field of expertise. Once again the author acted as the 
facilitator. The facilitator allowed the session to be more open-ended and was 
asked questions by the members of the group for more detail about the aim. 
Following these questions the members and the facilitator decreased the number 
of classifications. This new chart was then modified and repopulated by the 
group. Many of the original factors remained but regrouped. This revised chart is 
“Outcome 2” (Figure 3-12).  
3.6.3 Content Analysis Studies (Embedded Explanatory Study  
Content Analysis Approach  
 According to Hsieh and Shannon (2005) there are three approaches to 
content analysis. Fahy and Proulx (2005) studied media reports of the WTC 9/11 
incident using the directed approach. The main purpose of content analysis is to 
interpret the meaning from the context of “text” data. The main differences 
between the three approaches are coding schemes, origins of codes and threats to 
authenticity (Hsieh and Shannon, 2005). The directed approach as described by 
Wildemuth and Zhang (2009) shows that the analysis (see Chapter 6 and 
Appendix A6) starts with a theory or research findings. In this instance the theory 
is represented by “Outcome 2” from the Delphi Group process (Figure 3-12) with 
the classifications being equivalent to the contextual classifications. The latter 
form the initial codes. The context analysis approach to be used is therefore a 
directed approach with axial coding being used to derive categories within the 
classification (initial coding) directly from the text. Content analysis is ideally 
suitable for media related text as well as the notes taken from focus groups. 
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Figure 3-13: Classification Framework of Core Consistencies and Coding Categories. 
 
 Figure 3-13 shows the initial coding of the core consistencies 
(classifications). Further coding into sub-categories is seen as being part of the 
analysis (Hsieh and Shannon, 2005) and the complete list of subcategories may 
be found in Appendix A6. Mixed methods are used in the analysis where the 
frequencies of responses presented in the document text are measured and the 
pattern compared between the two studies described in the next section.  
Figure 3-13 also shows the relationship of the Focus Group to the main coding 
classifications or core consistencies. 
Selection of Study Documents 
 Media reports of WTC 9/11 incident survivors have been analysed by 
many (Fahy and Proulx, 2005 and Dwyer and Flynn, 2004). Dwyer and Flynn 
(2004) reviewed records of telephone calls from within the Towers as well as 
those of interviews with survivors. This study contained included many of the 
contextual factors included in the “Outcome 2” document (Figure 3-12) as well 
as setting up rival interpretations to another study of the WTC 9/11 incident by 
Galea et al (2008 and 2011) concerning fatigue being masked by the resting time 
provided by extensive delays and density (Spearpoint and MacLennan, 2012).  
The Individual Office Worker 
or Occupant:
• A
• B
• C
• D etc.
You and others on the stairs -
(The Group)
• A
• B
• C
• D etc.
Stairwell Enclosure
and Stair Design/Construction
• A
• B
• C
• D etc.
Management and Maintenance
• A
• B
• C
• D etc.
called “ANYTHING ELSE” when used as 
Focus Group Prompt.
Descent capability (perceived)
Checked by distance traversed
and actual speed, fitness etc.
Examples of each provided to 
Focus Group Members
& 
Content Analysis coding 
categories
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 Parker-Pope (2008) a respected journalist with the New York Times was 
concerned with a series on whether or not the population was fit enough to 
survive an emergency. She facilitated a “blog”115 on the issue and invited 
comments. This approach also corresponded with the theme of a seminal paper 
by Pauls, Fruin and Zupan (2007). There were over 100 comments, many of 
which dealt with community attitudes on group behaviour and fitness during 
evacuations in the descending stairs. The directed approach of content analysis 
was therefore suitable so that the Parker-Pope blog was selected for analysis 
(Parker-Pope, 2008).  
 
Specific Methods of data extraction and analysis 
 
 The transcript was in the form of a published document on survivor 
interviews assembled by Dwyer and Flynn (2004) and a series of comments 
made by participants in a blog or chat room facilitated by Parker-Pope of the NY 
Times (2008)116. The text was interrogated and comments extracted that dealt 
directly with evacuees’ experience within the stair shafts, formation of groups, 
evacuation management both central and local and description of their associated 
intrinsic characteristics. The comments were numbered in sequence and inserted 
in the “comments” column of tables with the format of Table 3- 6 
 The comments in the columns were then axially coded into columns 
representing the core consistencies that represented the Delphi Group 
classifications in Figure 3-13 above and as described above by inserting a red 
                                                 
115 Definition of “blog” from Encyclopaedia Britannica:  blog, in full Web log or Weblog, online 
journal where an individual, group, or corporation presents a record of activities, thoughts, or beliefs. Some blogs operate 
mainly as news filters, collecting various online sources and adding short comments and Internet links. Other blogs 
concentrate on presenting original material. In addition, many blogs provide a forum to allow visitors to leave comments 
and interact with the publisher. “To blog” is the act of composing material for a blog. Materials are largely written, but 
pictures, audio, and videos are important elements of many blogs. The “blogosphere” is the online universe of blogs 
116 The theme was whether or not people would be fit enough to survive an evacuation.  
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tick in the relevant core consistency column (Table 3- 6). Based on the context of 
the text the core consistencies were split further into sub categories as shown in 
the sub category extraction tables in Appendix A6.  
  
  
 
Table 3- 6: Specimen Directed Content Analysis Schedule 
 
 The sub categories were coded into tables with an appropriate key word 
for the next part of the analysis which is either matching it with a coding sub 
category or where one does not exist deriving a further category (Strauss and 
Corbin, 1998). The categories shown above are a result of the analysis of the two 
studies (Dwyer and Flynn, 2004 and Parker-Pope, 2008).  
 
 The schedules of the comments and core consistency and the 
frequencies of their subcategories are presented in Appendix A6 under each 
appropriate study (Dwyer and Flynn, 2004 and Parker-Pope, 2008).The analysis 
of these data is presented in Section 6.4 - 6.7. The results are also summarised on 
RCA Ishikawa Charts in Chapter 6. 
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3.6.4 Focus Group Studies (Embedded Explanatory Study) 
Focus Groups 
It is the focus group where high quality information can be gathered that 
comprise the experiences, perceptions and opinions of an individual descending 
the stairs (House and Howe, 1999). A focus group has been defined by Krueger 
and Casey (2000) as: 
  
“A carefully planned series of discussions designed to obtain perceptions 
on a defined area of interest in a permissive, non-threatening 
environment” 
 
  The real value of this approach is that the author intends to use it as a 
means of teasing out the real meanings of the task of stair descent from the users’ 
point of view and experience (Caffarella, 2002). 
 
 
 
Table 3-7: - Comparing and contrasting focus groups and other types of discussion groups 
Source – Larson et al, 2004, p2, Table 1. 
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Table 3-7 shows the selection of the focus group in this instance is 
appropriate, as the main thrust for the members of the groups was to identify 
problems (Larson et al, 2004). The main problems were then redefined as main 
causes. The Ishikawa Chart (Ishikawa, 1982) approach has a history of use as a 
problem identifying and solving tool that fits in well with qualitative research 
because it is dealing with complex data and opinions. It is used with Delphi 
Groups (Lumsdaine and Lumsdaine, 1995) even when consensus is not required. 
Other aspects that further justify its use to tease out the Delphi Group’s findings 
are (Larson et al, 2004): 
 
? It encourages divergent thinking so that seeing the two focus groups can 
 represent the Mature Office Worker and the Bariatric or Obese Office 
 Worker and that these two groups will bring many associated conditions 
 to the table that are seen as functional limitations to stair descent 
 (Reeves, 2008 and Booth et al, 2002).  
? The only similarity between the members is their general grouping in 
 terms of age and obesity. 
? The groups were no larger than 12 or smaller than 6. 
 
There is no doubt that focus groups share some features with other 
forms of group discussion. What sets this approach apart from the Delphi Group 
is that there was a controlled process and environment that was not threatening 
so that interactions could take place between participants. There was a structured 
directed content analysis process to code and interpret the data (e.g. grounded 
theory) and the groups were reasonably homogeneous as previously described 
(Larson et al, 2004). The other benefit is that the Ishikawa Chart could be used as 
a prompt with the four contextual classifications representing the initial coding 
regime of the content analysis method (Hsieh and Shannon, 2005). 
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  The questions posed by the author in justifying the use of focus groups 
(Larson, 2004) were: 
 
? For what purpose is the information being collected or how will the 
 information be used? 
?  Answer: So that the meanings and completeness of the Delphi Group 
 can be interrogated using the same tool. It was also intended to provide 
 a good check on the language used in the survey questionnaires. 
? What resources and skills are available for the information gathering 
 process? 
?  Answer: A facilitator was required to lead the group discussions in a 
 direct way. The Ishikawa Chart Branch Headings were modified so that 
 they were meaningful to the lay person. The structure and working of 
 the Chart was explained. The populating of the Chart with the 
 perceptions, experiences and behaviour of the members of each group 
 was explained by way of example. The facilitator needed to manage the 
 conversations so as to maintain focus without threatening the members. 
Focus Group – Operational Protocols 
 There are three Focus Group Studies117 as described in Chapter 3 being: 
•  BMI Benchmark Group comprising 10 “young” office workers 
 below the age of 40 years and one 40+ years who undertook a 
 vigorous level of exercise in accordance with the IPAQ (Sjostrom et 
 al, 2005) and was therefore classified as “fit”.   
• “ Larger Figure” Focus Group comprising office workers with a BMI 
 classification of overweight+(WHO, 2011) and who were conversant 
                                                 
117 The three focus groups that represent the spectrum of performance according to the literature 
according to Ayis et al and which will provide comparative data on descent speed as an indicator 
f functional limitations. The benchmark group is of young adult office workers who are fit as 
measured under the IPAQ system (Sjostrom et al, 2005) 
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 with trial evacuations being part of a building set up where the 
 emergency control organisation was actively committed to full scale 
 practices and had a limited functional limitation classification 
 procedure in place that encompassed the model put forward by 
 Matheson (2003). 
•  “Mature-Age Office Worker Focus Group comprising office workers 
 with an age over 45 years of age (Kossen and Wilkinson, 2010) from 
 the same building set up as the “Larger Figure” Focus Group. The 
 BMI of this group varied as age was the sole criterion. 
BMI Benchmark “Focus Group” 
 The “BMI Benchmark” Focus Group comprised observers from the 
2008-2010 trial evacuation studies so that they were conversant in the gathering 
of data and with respondent occupant trial evacuation behaviour and stair use. 
The two other focus groups were selected from workers in the Sydney Building 
M6, one of the buildings studied in Cycle PDSA 3 of the 2008-2010 trial 
evacuation study. A validated self reporting survey form as part of the 
questionnaire integrating the IPAQ Short Form (Ottevacre et al, 2011 and 
Sjostrom et al, 2005) was used to gather further information so as to make the 
results more comparable with that from the PDSA Cycle 3 of the 2008-2010 trial 
evacuation study. A BMI Benchmark Focus Group provides a better view of the 
context when reviewing similar recent studies connected with the WTC 9/11 
incident and associated research programmes (Galea et al, 2008 and 2008a; 
Peacock et al, 2009; Jiang et al. 2012; Boyce et al, 2011 and Peacock et al, 2012) 
when looking at actual descent speeds as opposed to those masked by extensive 
delays or density. A copy of the above questionnaire may be found in Appendix 
A3. 
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Diagrammatic Plan view - Stair One 
CALCULATIONS 
Storey height = 19X 190mm = 3.610m 
Distance traversed = 9.058m per storey / 244.6m 
Total traversed height to level 5 = 97.470m 
 There were two sites for the BMI Benchmark Group118. The first was a 
20 storey office building in Christchurch, NZ with scissor stairs (Figure 6-8). The 
second was the 32 storey office building which is Building M6 in the 2008-2010 
trial evacuation study (Figure 3- 14).  
 Each member of the group recorded their descent on a Dictaphone. The 
participants were fit with their fitness having been measured using the IPAQ 
system (Sjostrom et al, 2005). There were a total of five in the Christchurch 
group and five in the Sydney group (total of ten members in the BMI focus 
group).  
 
 
 
 
 
 
 
  
Figure 3- 14: Stair One Building M6 
 
 
                                                 
118 The buildings were selected as being representative of the 2008-2010 case study building profile. The Christchurch 
building was 20 storeys which was less than the 25 storey measure of 50% of the population in the Exploraory Case Study 
and also representative of Building M4 and the other being M6 which was one of the highest buildings in the case study. 
Also two sites were used because of the dofferent types of stairs in terms of the number of turns per storey. 
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Figure 3-15: Diagrammatic Plan View of Stair 1 Christchurch Building (Represents M4) 
 
   M6 was used for the Sydney Group of 5 members. Stair 1 (Figure 6-8) 
was the stair selected and represented a steep stair of 370. Rich views (Templer 
1992) provided a distraction through the wide void and there were four turns per 
storey as compared with one in Christchurch building.  
 The 5 group members were all fit being assessed as before. One member 
of the group was over the age of 40 years but played tennis and exercised 
regularly. 
 The results are presented in Chapter 6 and Appendix A6. 
Focus Group Study 2 – Fuller Figure 
 The office building from which the two specialist focus groups 
(see next section for the Mature Age Focus Group Study) were drawn from was 
Building M6 of the 2008-2010 trial evacuation study. It was not possible to 
measure descent speeds for the members of these two groups for health and 
safety reasons119. The descent speed was calculated from a walking test based on 
                                                 
119 Not permitted by the Building Owner’s and Tenant’s Health and Safety Management Team 
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the work of Riener et al (2002) and Fujiyama and Tyler (2010). A walking test 
was of 40m was applied which was converted to represent an average stair 
descent speed from studies on the relationship between the walking speed and 
descent speeds (Riener et al, 2002 and Fujiyama and Tyler, 2010)120. There is no 
doubt that fatigue could be taken into account based on the distance travelled 
using the same basis as suggested by Spearpoint and MacLennan (2012). This 
approach approximates that used in the six minute walking test which shows up 
the impact of functional limitations including fitness (Hulens et al, 2003). 
There were a total of six members of the Fuller Figure Group where all 
the members were obese. Their intrinsic characteristics such as mass, waist 
circumference, height, gender, functional limitations, level of exercise and age 
were recorded on the questionnaires which were treated as confidential. The 
walking test was held first where the individual was required to walk a 
predetermined route at their comfortable walking speed. Their walking time over 
the 40 metre long “track” was measured by the author who also acted as the 
facilitator. On completing the walking test they were provided with a copy of the 
questionnaire which is included in Appendix A3. Details on the content of the 
questionnaire may be found in the next section. 
                                                 
120Triangulated with the author’s own stair descent speed  
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Table 3- 8: Example of Focus Group Coding Schedule. 
 
 When the members of the group finished filling in the questionnaires they 
were coded with a number specific to each member and locked away. Everyone 
then mixed socially over lunch prior to the afternoon discussion. The afternoon 
session commenced with the members of the group completing the Ishikawa 
Chart and inserting their own comments on each of the fins with any notes they 
wished to make on the spine concerning performance related problems. After 30 
minutes the charts were collected and the discussion opened up. Each member of 
the group was asked to make any comments they wished to add to what they had 
already provided on the charts. They were also asked a small number of 
questions relating to improvements that they would suggest be made to the stairs, 
management procedures and the organisation of groups. Their views were also 
sought on assisted evacuation. All their answers were recorded in notes taken by 
Participant Condition Element 
No. Gender (Coded) YOU You/ 
Others 
Stairs Any/ 
else 
Comment 
A(J) F Knee   
 
 • Needs handrail to feel more confident 
• Signage to each level for orientation 
• Marking on steps for legibility 
B((W) M 0   
 
 • Not wide enough between handrails 
• Treads too narrow  
• Stair design has not changed with body shape and foot 
size 
• All elements (steps/ handrails/walls) same grey colour 
– orientation – need to know level and direction of 
travel / impact on falls/  
• Vital safety elements such as edge of treads and 
handrails should be highlighted 
• Must avoid ‘whiteout’ for reasons of the above and 
also if smoke penetrates stairwell 
• Wallpaper effect 
C(L) M Reduced 
Vision 
    • Poor edge delineation of steps – wallpaper effect 
• Whiteout effect where handrails and steps not marked  
• Where does each flight stop and start? 
 
D(M) M Knees/ 
Height/large 
feet 
    • Stairs too steep and treads too small 
• No variation in direction – repetitive turning – 
wallpaper effect compounded – dizziness 
• Disorientation with no signage / whiteout etc. 
• Very noisy – echoing from talking in groups – very 
intimidating will increase further with pressurisation 
fans and alarms 
• Temperature – e.g. in Adelaide was 460C 
E(?) M Not fit 
Arthritis 
  
 
 • No space provided on landings for resting 
• No space provided for overtaking - stairs  
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the facilitator and also on a central Dictaphone placed on the table once 
permission had been given by the group. The analysis of the discussion and their 
comments on the chart were coded as  
 The recommendations of Krueger and Casey (2000) were complied with 
especially in terms of providing a non-threatening atmosphere and motivating the 
members to contribute. 
Focus Group Study 3 Mature Age Focus Group 
 The members of this group were all over the age of 45 years in 
accordance with the definition of a mature age worker described in Chapter 2. 
There were a total of six participants including the author (as permitted by Yin, 
2009). The BMI fluctuated but the number of functional limitations did increase. 
The details were once again recorded on the questionnaire a copy of which may 
be found in Appendix A3. The operational protocols and tests replicated those of 
the Fuller Figure Group. 
Focus Groups - mixed method data collection 
 In line with the mixed method approach used in the overall PhD Case 
Study the following data collection tools are proposed: 
• Survey questionnaire121 replicating the 2008-2010 trial evacuation 
survey122 
• Timed stair descent or mobility test so that descent speed can be linked to 
the group members’ contextual factors122. 
• Completed Ishikawa Chart also used as prompt – directed content 
analysis. 
                                                 
121 The IPAQ questionnaire - IPAQ is the International Physical Activity Questionnaire (Sjostrom 
et al, 2005) that can be used to measure and determine self reported fitness. 
122 The members of each of the focus groups were occupants of building M6 and experienced in 
trial evacuations and the observers who had been trained in the observations of trial evacuations 
and were all certified practicing fire engineers experienced in evacuation analysis and also stair 
descent. 
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• Records of open discussion on Dictaphone and written notes from free 
discussion in group sessions. 
 
The directed content analysis method is used to analyse the data from the group 
discussions. This method is described under the previous section dealing with the 
content analysis studies as the tool shown in Figure 3-13. Axial coding with 
functional similarities (Strauss and Corbin, 1990 and Mars et al, 2008) is the 
formal coding method used where the initial codes were set by the Delphi Group 
providing the framework for the focus groups. The observations of the stair 
descent and mobility tests were recorded in schedule form and presented in 
graphical format so that comparisons could be made between the groups and also 
triangulated with the results of the focus group surveys (analysed using SPSS 
V16). The method of triangulation (Hales, 2010) sifts out those comments from 
which “facts” can or cannot be “constructed”. See Chapter 6 for examples of the 
above graphs and schedules.  
 
3.7 2008-2010 Case Study – Trial Evacuations Study 
3.7.1 Introduction 
 The 2008-2010 Trial Evacuation study is the main part of the 2008-2010 
Case Study. Six buildings were selected for the study in line with the criteria set 
out in Chapter 4. They are also fully described in Chapter 4 and in Appendix A4. 
The average number of storeys was 24 which is only one less than the estimated 
descent ability or performance of office workers from the 1980 Study which was 
re-analysed for the Exploratory case study. 
 The data collection methods used for the trial evacuation part of the 2008-
2010 Case Study comprised: 
• Physical measurement and rating of stairs in accordance with the results 
of the Delphi Group determination and also the Literature review in 
Chapter 2. 
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• Survey of trial evacuation participants with questionnaires 
• Observation and recording of evacuee performance on Dictaphones 
where observers descended the stairs with the occupants of the building 
and observed their progress and activities. The time scale was 
synchronised with the appropriate recording speed of the Dictaphone and 
with reference times recorded by the observer. 
• Recording of evacuee performance and progress on video cameras using 
the camera time stamp information as the time scale 
• Analysis of each set of results and triangulating between recorded data 
and survey responses. 
 
  In summary the selection range of the buildings varied from the 
minimum height which was equivalent to 8 storeys to the maximum number of 
storeys that the owner’s health and safety team were prepared to evacuate as part 
of their total trial evacuation exercise. In this instance the maximum number of 
storeys was 36. The range is shown Figure 3-16. Also each of the buildings has a 
minimum of two stairs. The stairs and the associated stairwells were also 
measured up and diagrammatic plans prepared for each. These plans are included 
in Chapter 4. The measuring up and assessment of the stairs were carried out in 
accordance with a template where the factors under the classification or core 
consistency of “STAIRS”123 were measured and rated on a nominal scale suitable 
for further analysis using the SPSS V16 Factor Analysis package (see Chapter 7). 
 
                                                 
123 As defined by the UK Delphi Subgroup. The full template ios located in Appendix A3. 
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Figure 3-16: Range of building heights for 2008-2010 Trial Evacuation Study. 
 
3.7.2 Trial Evacuation Organisation and Process  
Letters were sent to the building owners outlining the research project and the 
extent of our participation in and observation of their next trial evacuation. A 
copy of this letter and the formal agreement is included in the Appendix A3 
along with the details of how the Data Protection issues were to be dealt with. 
Ethics approval was also obtained from the University Ethics Committee prior to 
the conduct of any of the trial evacuations and focus group exercises.  
 In order for the study to reflect actual practice the procedures did not 
permit any form of alteration to the evacuation strategy, plan or management. An 
example of this may be found in the procedures for the stair descent observers 
where the observer is strongly advised not to interfere with warden procedures or 
evacuee behaviour. They were merely required to observe and record events 
during each drill.  
 Once the contract or agreement had been signed the date for the exercise 
was agreed and the researcher was permitted to enter the building and carry out 
the following tasks: 
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• Measure up the stairs in accordance with the standardised template (see 
Appendix A3) 
• Meet the emergency response team for the building including the fire 
wardens, explain the programme to them and supply them with a copy of 
the questionnaire and make the necessary arrangements to hand them out 
to their colleagues after the completions of the exercise. 
• Obtain permission for the placement of the cameras and also access the 
day before the exercise to fix them in position. 
• Obtain a copy of the building evacuation plan and become familiar with 
the requirements. 
• Agree a time with the chief warden for the observation team to gather in 
the ground floor lobby on the day of the drill.  
 
On the day of the drill with all the cameras fixed in position, the observation 
team fully briefed, all their watches fully synchronised and their floors/ stairs 
assigned the observers proceeded to their floors ten minutes prior to the sounding 
of the evacuation alarm. The cameras were all switched on during this ten minute 
interval so that they were recording. The observation team were all in position 
five minutes prior to the alarm sounding and after having notified the floor 
warden that they were ready and in position. The observer also recorded a 
reference time on the Dictaphone.  
 The evacuation alarm then sounded and in accordance with their 
procedures the observers with their Dictaphones switch on began describing the 
activities on the floor. As the occupants started to enter the stairs their flow 
across the entry to the stairs was recorded using a simple procedure. The 
Dictaphone recording acted as the time scale for analysis of the descent after the 
trial evacuation. The observer entered the stairs as part of the last group and 
proceeded to descend the stairs recording on each level; 
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• The number of people in front of them on the flight 
• Their distribution on that flight of stairs 
• The number of people in front using the handrail 
• Instance at which the observer placed their foot on the main landing at 
each level together with the number of that level. 
•  Other observations about other floors entering, mixing on those levels 
and the resultant delays 
• Instances when the rate of descent slowed down or even stopped. 
 
As each observer reached ground level they identified themselves on the last 
camera with their floor number, recorded the point at which they passed through 
the final exit and kept going until they were well clear of the building. They were 
required then to provide a further reference time, add any other observations they 
thought would be interesting. 
 After the exercise the team proceeded to remove the cameras (see Figure 
3-17 for fixing detail) and cassettes from the cameras. Electronic sound files 
were created from the tapes and folders made with the data cards from each of 
the cameras. All of these were placed in a master folder for each trial evacuation 
exercise (Buildings M1-M6). These folders therefore contained the raw data for 
the reconstruction of the exercise using Excel.  
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Figure 3-17: Typical fixing and mounting for video cameras and camcorders in PDSA 
Cycles 2 and 3. 
(Tape was used in PSDA Cycle 1 and failed in Building M2 because of the heat – 450C+) 
 
 The questionnaires were gathered up from the fire wardens the day after 
the evacuation exercise and coded using standard variable names representing the 
questions. A copy of this coding schedule may be found in Appendix A3. The 
data was then transferred on to an Excel spread sheet and then transferred into 
the SPSS V16 files ready for analysis.  
 This procedure was repeated for each of the buildings M1-M6. Summary 
descriptions of each trial evacuation exercise may be found in Chapter 4 and the 
reconstruction of the drill together with the observation schedules may be found 
in Appendix A7.6. Copies of the raw data are also available for further analysis 
in electronic folders attached to Appendix A7. 
 The method of data collection for the trial evacuations could be 
challenged by other egress researchers such as Averill (Averill et al, 2005) in the 
lack of automation used in the gathering of data to more accurately determine 
speed. Averill (Averill et al, 2005) used a combination of Radio Frequency 
Descent Devices (RFID’s) and video cameras. The two systems could be 
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interfaced. The author is required to defend his method and list the following 
reasons: 
• It requires the placement of strategically located UHF devices. 
• Electronic tags must be fitted to each occupant requiring a large number 
of tags per building and the risk of the tags not being returned. This was 
also seen as being extremely invasive by some of the building owners.  
• The increased amount of interface between the various devices. 
• Set up time available at each site. 
• The overall cost was beyond the resources available to the author as he 
financed the entire study himself. 
• The method used was in direct line with the 1980 study and the use of 
observers descending with the occupants provided a richness of data that 
would not have been available. 
The letters of application and approval are located in Appendix A3 and can be 
used to substantiate the above especially in terms of the requirements for the 
observation team to be unobtrusive.  
 The other criticism would be the measurement of distance traversed from 
video footage. Normally The RFID’s would most likely permit automatic 
measurement of the distance. The distance in the 2008-2010 trial evacuation 
studies was measured using measurements provided by the regime set out in 
Figure 3-19 where all horizontal and raking measurements were recorded 
separately. Key points on the video images were selected so that the distance 
could be calculated using information from Figure 3-19. This is considered to be 
satisfactory especially when the data is being triangulated with survey response 
data.  
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3.7.3 Data Analysis of Observations 
 The video tape files are rigorously analysed starting with observers and 
then evacuees. Data points are established using evacuee stair entry times and 
sequences established by the observers and then establishing progress data points 
for the same individuals as they are identified on the cameras on the lower levels. 
This is continued for those floors with observers with all the points being 
transferred on to an Excel spread sheet. The same process is repeated for 
evacuees whose entry is recorded on cameras. Total individual progress is then 
determined by identifying the individuals as they pass through the final exit of 
the stair shaft. A graph is then drawn from the data point spread sheet with the Y-
axis as the number of storeys or distance and the x-axis as elapsed time. The 
coloured lines on the chart (Figure 3-18) represent the timed progress of each 
individual with respect to distance. They are colour coded according to the floors 
the individuals entered from. The stair descent chart is therefore a reconstruction 
of the stir descent part of the trial evacuation exercise.  
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Figure 3-18: Typical descent chart where X and Y axis units are shown 
(Coloured lines indicate the rate of descent for each evacuee – colour coded according to floor of 
origin. Also shows comments from observer) 
 
 
 
Figure 3-19: Typical dog-leg stair showing how distance is measured between storeys.
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 The stair descent chart (Figure 3-18) is a valuable tool for the process of 
triangulation which is vital for the integration of data gathered by different 
collection methods (Hales, 2011). Respondents from the survey can be 
positioned on the chart and their comments related to the apparent contextual 
factors such as group dynamics and measured distance traversed. Comparisons 
can be made and “facts” established (as suggested Figure 3-7). 
  
3.7.4 The 2008-2010 Trial Evacuation Survey 
Introduction 
 There was a need to plan the overall case study process for this 
PhD Study. In order to be flexible and to incorporate feedback from the initial 
exploratory case study as the first case study and then from the Explanatory case 
studies, the Plan-Do-Study-Act Cycle124 (NHS, 2008) was adopted as a means of 
continually reviewing and improving the operating case study protocols and tools 
to completely answer the research questions, aim and objectives of the main PhD 
study. This approach is similar to that used to improve quality and is commonly 
used in the field of Health and Safety (Roughton and Crutchfield, 2008 and NHS 
2008). The elements of the cycle are shown in Figure 3- 20 and explained in the 
text of the same figure. 
 
                                                 
124 PDSA is exactly the same as the PDCA (Plan-Do-Check-Act) used in the process of 
continuous quality improvement. 
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study
act
plan
do
 
Plan – define the detailed questions, objectives (within overall objective in Chapter 
1.3.3), and predictions required. Ask the required detailed research questions , plan 
out data collection methods to answer the research questions. 
Do – Carry out the plan, collect the data, begin to analyse it. 
Study (Analyse) – Complete the analysis of the data and determine what 
predictions can be made Summarise what was learned. 
Act – Plan the next cycle. Decide whether changes or refinements are required 
especially where protocols were unsuitable and predictions were not able to be 
made. List and decide on changes. 
 
 
Figure 3- 20: Plan Do Study Act Cycle for Improvement through Case Study Process  
(Source: NHS 2008) 
 
 The PDSA cycle allows for a review of the trial evacuation protocols on 
the completion of each exercise. A feature of the case study method is that it 
encourages flexibility (Yin, 2009). Continuous improvement is desirable in terms 
of improving reliability. This was one of the concerns raised by the Delphi Group 
regarding the measurement of fitness. The use of self reporting to gather this 
information was considered to be unreliable especially according to Brener et al, 
(2003) in a review of the literature on the self reported assessment of health-risk 
behaviours in adolescents. The measurement of fitness was therefore improved. 
Another example of the use of the PDSA process was the improvement of the 
fixing method for the cameras because of the problems experienced with the 
delamination of the tape due the excessive heat conditions in the stairs during the 
evacuation of Building M2 (Table 3-9) 
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Data 
Collection 
Tool/ System 
PDSA 1 
(M1/M2)125 
PDSA 2 
(M3/M4)125 
PDSA 3 
(M5/M6)125 
Questionnaire Measurement of 
fitness by BMI 
and follow up 
questionnaire on 
fatigue 
Measurement of 
fitness by BMI 
correlated with 
health conditions 
with follow up 
questionnaire 
dispensed with 
Small addition to 
questionnaire of 
IPAQ Short Form 
fitness 
questionnaire 
which had been 
validated 
Video camera 
fixing 
Use of heavy 
industrial tape 
suitable for 
attaching objects 
of less than 1Kg to 
masonry and 
plasterboard lined 
walls. 
Replacement of 
tape fixing method 
after completion 
of M2 trial 
evacuation with 
flexible grips that 
could be attached 
to most handrails 
and hydrant risers 
– offered greater 
flexibility of 
coverage and 
remained in place 
regardless of the 
amount of 
vibration and heat. 
Retained use of 
fixing device as 
shown in Figure 
3-17. 
 
Table 3-9: Examples of PDSA Improvements 
                                                 
125 The pairing of the buildings for each cycle is based on replication logic. PDSA 1 comprises 
the two buildings at either end of the scale in terms of height. PDSA 2 comprises the third highest 
and the third lowest with PDSA3 comprising the second highest and second lowest. Thus 
aggregation of cases is made possible for analysis in Chapter 7 for PDSA1 and 2 together and 
PDSA 3 on its own in order to compare the fitness reporting method outcomes. PDSA 3 comprise 
Buildings M5 and M6 which is where the IPAQ based questionnaire was used.  
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Questionnaire Development 
 The original NRCC Template questionnaire designed for the 2008-2010 
Trial Evacuation survey was used for the occupants of buildings M1 and M2 
during PDSA Cycle 1. The original template was added to with a follow up 
questionnaire administered 24 hours after the completion of the exercise to 
measure after effects such as lower limb pain in each of the respondents. This 
addition was as a result of a suggestion by the UK Delphi Group.  
 On completion of the trial evacuation of building M2 the follow up 
questionnaire was found to be impractical mainly due to people who had 
participated in the exercise either not completing the follow-up or being absent 
when it was handed out. The author reviewed the value that the follow up 
actually added and it was decided that the follow up questionnaire could be 
dispensed with. The question could quite well be asked as to what was done to 
replace it in terms of data collection. It was decided after further research on the 
measurement of fitness that the answer lay in what affected stair descent 
performance. Increased BMI for example increased the risk of falling 
(Menegomi et al, 2009). Combining health conditions together with BMI was 
seen as being an improved self reporting measure and was adopted for PDSA 
Cycle 2 without having to change the questionnaire. 
 On completion of the trial evacuation exercise of M3 and M4 (PDSA 
Cycle 2) the self reporting measure of fitness was again reviewed. The advice 
from the UK Delphi Group could not be ignored in that validated fitness self 
reporting systems were available. Reviewing the “rules” of the case study 
method (Yin, 2009) and also the opportunity of direct comparisons being made 
with similar studies associated with occupational tasks such as Steele and 
Mummery (2003) it was decided to add on the short form International Physical 
Activity Questionnaire (Sjostrom et al, 2005 and Ottevacre et al, 2011). The 
resultant questionnaire was used in the survey of trial evacuation participants on 
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buildings M5 and M6 as well as in the focus group studies as these formed parts 
of the 2008-2010 Case Study Explanatory studies.  
Summary of 2008-2010 Questionnaire Content 
 
PDSA 1: NRCC Template and Follow Up (See Appendix A3): 
 
 The first questionnaire was derived directly from the NRCC Template 
(Proulx et al, 2006) and the 1980 Study (available in Appendix A3). The 
questionnaire is summarised below and is included in Appendix A3: 
 
Section One: While you were on the Floor 
The key questions in this section for the study provided the following 
information: 
• Floor of origin on sounding of the alarm. 
• The stair used – was it the designated for the respondent’s floor. 
• Whether or not the stair was the closest. 
• Requirement for assistance to evacuate. 
• Queuing at stairs with the reason. 
• Stair entry with or without a friend and where the group was formed 
• Key question concerning an estimate of the number of storeys the 
respondent could complete without a rest. 
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Section Two: Whilst you were going down the stairs: 
 The questions were tabulated and related the respondent’s self reported 
experience whilst going down the stairs. 
 
• Handrail reachability 
• Step uniformity and visibility. 
• Stair steepness 
• Tread width 
• “Too many flights?” a measure of the total distance traversed as this 
could be calculated from knowing the floor of origin. 
 
 This section of the questionnaire also included questions of their 
“condition” during descent in terms of pain in the lower limbs, dizziness, and 
fear of falling, out of breath, chest pains, sore knees and general fatigue. Other 
questions in this section dealt with the following: 
 
• Level of confidence in descent. 
• Conditions in the stairs – i.e. presence or otherwise of others. This 
question was triangulated with actual density observed on the stairs from 
cameras and as described by observers. 
• Estimate of total evacuation time. 
 
Section Three: About you – self reported intrinsic characteristics.  
 The details provided were: 
 
• Floor on which they normally worked and check question about floor of 
origin. 
• Check question about stair designation 
• Evacuation experience 
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• Check question about estimate of maximum floors respondent could 
descend. 
• Age, gender, height and mass, and shoe size (to triangulate with tread 
width). 
• Falls history over the previous three years. 
• Health conditions – heart, asthma, stroke, diabetes, arthritis in lower 
limbs, vestibular problems (balance), reduced mobility or injury affecting 
mobility, reduced hearing and sight, memory loss, multitasking ability, 
fear of falling, fear of crowds and other including agoraphobia.  
 
Follow up questionnaire. 
 
• Floor location at start of evacuation. 
• Level of muscle stiffness. 
• Health conditions as before. 
• Intrinsic characteristics. 
• Falls history as before. 
• Questions about level and type of daily exercise and normal use of stairs. 
• Normal use of handrails. 
• Muscle pain. 
• Experience with downhill running. 
PDSA 2: Dispensing with Follow Up Questionnaire (See Appendix 
A3): 
 This questionnaire is exactly the same as for PDSA 1 except that the 
following questions were added to replace the follow up questionnaire: 
• Level of muscle stiffness 
• Questions about level and type of daily exercise and normal use of stairs. 
• Normal use of handrails. 
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• Muscle pain. 
• Experience with downhill running 
PDSA 3: Adding of short form International Physical Activity 
Questionnaire (Validated). - See Appendix A3: 
Section One of the questionnaire dealt with all the intrinsic details, health 
conditions and falls history. 
 
Section Two dealt with the actual trial evacuation: 
 
• Designated stair or not? 
• Closest stair or not? 
• Assistance to evacuate required? 
• Queuing at stair and cause? 
• Enter the stairs with a friend and where the group was formed? 
• Estimate of evacuation ability. 
• Stair descent experience and after effects as before. 
• Normal use of stairs and level of confidence. 
• Conditions in the stairs – crowded or not as before. 
• Evacuation time estimate. 
 
Section Three: Short Form IPAQ + Questionnaire 
 Questions asked about level of exercise undertaken with a predetermined 
scale and time spent. From this the amount of energy expended in the week could 
be calculated using the explanatory IPAQ Code. This included a set of questions 
about the level of exercise seven days before the trial evacuation exercise. The 
questions also included walking and sedentary behaviour. A section was also 
included on fatigue. 
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Survey Analysis 
 The question dealing with the experience of the respondents going down 
the stairs and the after effects including the ones associated with distance were 
seen as providing the main opportunity for factor and additional correlation 
analysis. The outcome from this analysis could then be triangulated with a 
similar factor analysis of the data from the physical assessment template. This 
approach is based on a similar analytical method used in case study of the 
outdoor stairs (MacLennan et al. 2011). Another example of opportunities for 
triangulation was between the distribution of shoe sizes on each building and 
their triangulation with the measured tread widths. The comparison could also be 
triangulated with stair descent confidence or concern about tread width. 
 Triangulation (Hales, 2011) is discussed in the next section. Comparison 
between the observed and survey data may also be found in Appendix A7.6 and 
also Chapter 7.  
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3.7.5 2008-2010 Case Study - Triangulation 
 Read this section in conjunction with Figure 3-21. There are three sets 
of data for analysis being survey data, participant observer comments and 
assessment and video image transcriptions:  
 
  
 1
ASSESSMENT OF
STAIR
ENVIRONMENT
STAIR GEOMETR Y
AND HA NDRAILS
3
OTHERS AS
REC ORDED BY
VID EO A ND
OBSERVERS
Recorded and downloaded
on spread sheets
6
BUILDING
MAINTENANCE,
VENTILATION AND
OTHER
8
EV AC PLAN AND
EVACUA TION TYPE
e .g. unc ontr olled,
sequential and/or  staged
2
SUR VEY  QUESTIONS
ON STAIR
ENVIRONMENT
PERCEPTION ETC.
5
SURVEY QUESTIONS
ON FALLS HISTORY
AN D INDIVIDUA L
CHARAC TERISTICS
7
SURVEY QUESTIONS
ON FU NCTIONAL
ABILITY ISSUES AN D
STAIR DIFFICULTY
9
FITNESS AND
FATIGUE
MEASUREMEN TS
10
SURVEY AND OBSERVATIONS /
C OMMENTS
Testing of significant
associations between survey
variables, factor analysis,
regression between variables to
see what predicts fitness
Analysis to explain the
dependency of one survey
variable on another
4
TRIANGULATION VIA
OVERALL FACTOR
ANALYSIS
COMPARISONS,
PATTERN MATCHING
OF DESCENT
GROUPINGS AND
SPEEDS AS WELL AS
DIRECT
COMPARISON OF
LIKE VARIABLES OR
ATTITUDES
Site by site
 
 
Figure 3-21: Process of Data Analysis and Triangulation 
? Survey based data: 
(a) Responses re the individual’s perception of the stairwell  
 environment, physical response to stair pitch, tread width,  
 handrail use, etc. (BOX 2). 
(b) Falls history and physical characteristics such as age,  
 gender, height, mass, BMI, and foot size. (BOX 5). 
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(c) Type and number of health conditions/ functional   
 limitations and difficulty with stairs such as    
 dizziness, vertigo, degree of confidence, reaction to   
 others on the stairs, group formation etc. (BOX 7). 
(d) Preparing a short structured diary of daily activities over  
 the week before the evacuation which are classified   
 according to the degree of exertion from which a daily  
 METS equivalent could be calculated. This “form” was  
 attached to a modified NRCC questionnaire and comprises  
 a validated survey instrument (Sjostrom et al, 2005) as  
 required by the Delphi Group. (BOX 9) 
?   Physical Assessment/ Video and Participant Observer Data 
(a) Physical measurement and recording of details of stair  
 environment via sketch and where possible photographs  
 and where possible coding of resultant data according to a  
 template. (BOX1). 
(b) Real time data of individuals descending stairs from which 
 various measurements could be taken in coding for stair descent 
 charts, handrail use, reasons and timing of delays, individuals 
 resting on landings, group formation and dynamics, and other 
 pertinent events. (BOX3). 
(c) Building maintenance, ventilation and other – state of the stairs in 
 terms of chipping, marking, stability of handrails, obstructions, 
 defective lighting, pressurisation fans operating (flow of air) etc. 
 (BOX 6). 
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(d) Evacuation plan and organisation – frequency, extent of 
 participation, preplanning, degree of role play, full or partial 
 completion – coded as series of observations.  (BOX 8). 
? Survey and Observer Comments 
Statistical analysis of data from questionnaires such as frequencies 
and/or cross tabulation of individual characteristics and then 
controlling for these characteristics and establishing associations 
between other variables e.g. BMI and fear of falling, number of 
health conditions and falls history, number of health conditions 
and difficulty with stairs. There may also be a need to reduce the 
number of variables associated with the perception of the stair 
environment so that they can also be ranked and retested via 
regression. Stair difficulty or “descent risk” can also be checked 
against amount of stair use and walking each week as being 
indicative of the level of fitness. Fitness was recorded in the initial 
two cycles of case study 2008-2010 prior to being replaced with 
the more reliable IPAQ form. These relationships were also 
compared with comments from the observers or person coding the 
video evidence for the stair descent charts. (BOX 10). 
?    Triangulation 
Using the results from the statistical analysis and the associated         
comments assess impact of stair descent speeds associated with the 
group that the survey respondent descended with from the video 
evidence or other findings such as descent capability against stair pitch 
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The method of analysis for the case studies are framed by the Delphi Group on 
one hand in terms of suggesting current issues for questions and observation 
gathered and filtered via the use of the Ishikawa Chart (Ishikawa, 1982) and on 
the other hand the results (e.g. factor analysis results of stair use) of the survey 
are filtered by the focus group using the Ishikawa Chart (Ishikawa, 1982) as a 
prompt or as a tool to elicit the issues to be considered on each branch on the 
Chart) against the appropriate grouping. The 2008 – 2010 Case Study was run 
concurrently with the Focus Groups in order to encourage areas of improvement 
that could be made in the third cycle of the 2008-2010 Case Study. The design of 
the possible evacuation tool which could be based on the PhD Study Objective 
(1.3.3) is based on four basic principles of case study which are: 
? Show that the analysis relied on all available evidence. 
? Challenge the analysis via the main rival theories e.g. obesity vs. 
 descent speed or obesity vs. fatigue (Galea et al, 2008; Proulx et al,
 2007; and Peacock et al, 2009). 
? Address the most significant aspect of each case study even if the data 
 presented is in the form of outlier events such as a fall (Pauls, 2011). 
? Use the author’s prior, expert knowledge and experience to further the 
 analysis as he was immersed in both the exploratory and 2008-2010 
 case studies. 
 
Finally considering the objective of the PhD Case Study (1.3.3) it is 
necessary to consider the concept of categorical aggregation (Tellis 1997) as a 
more comprehensive method of analysis to pattern matching. Multivariate 
regression is extremely useful when the objective of a study is to test a 
relationship in the context of many other contextual or explanatory variables as 
used by Peacock et al (2009) in their study of stair descent. A great deal of the 
data gathered has been coded into a categorical format so that some form of 
categorical aggregation may be required. Further reading and comparison of 
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examples put forward by Liang et al, (1992) show that certain forms of Logistic 
Regression126 if properly constructed can provide results that are comparable 
with the Multivariate approach (Miles and Shelvin, 2001). 
 
3.8 Ethical Approval 
Ethical Approval was given on 27th November 2008 by the Research 
Governance and Ethics Sub-Committee for the conduct of Delphi Group and 
Focus Group meetings. The reference is RGEC 08/008. 
3.9 Conclusions 
The author has participated in stair-use research since 1979 and 
therefore needed to re-clarify his research position so as to avoid building on 
“assumed knowledge” (what you think you know). Crotty (1998) assisted in this 
regard by stating that there is inter relationship between the researcher and the 
methods used. Further reading of Gray (2009) showed the author leans towards 
meaning being constructed .i.e. constructivism. Working through the elements of 
the Research Process methodology appeared to be the main research driver. The 
author’s position on the continuum is shown in Figure 3-3 where he uses the 
mixed methods (Amaratunga et al, 2002) and a case study process where mixed 
methods are encouraged (Yin, 2009) to deliver the aim and objectives of the PhD 
Case Study. According to Gray (2009) there is no conflict between a 
constructivist stance and the adoption of a case study approach where mixed 
methods are advocated.  
  Previous egress type studies have not clarified the research process so 
that often rich data can be lost due to the data collection and analytical methods 
adopted where if a positivist perspective requires that the observer is required to 
remain independent from the study so that proper deductive analysis of 
“unbiased” data can occur. Blair (2010) in her analysis from data provided by 
                                                 
126 Packages available in SPSS V16 e.g. Binary and Ordinal Methods. 
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Averill et al (2005) found that the data was extremely “noisy” (so that some rich 
data may have been lost). Interpretivism would be extremely important here as 
shown by Gray so that the method developed needed to be able to explore the 
“noisy” data. It can be concluded that mixed research methods or a pluralist 
approach is the most appropriate (Amaratunga et al, 2002). Interpretivism on the 
phenomenological side of the paradigm involves qualitative method (focus group 
and content analysis). Such method(s) needs to be blended with a quantitative 
method so that the outcome of the quantitative analysis could be placed in 
context. The one set of results is “enhanced” by qualitative consensus or 
observations.  
 The final method selected and described was that of Case Study where 
the process was designed to fit with the position of the observer and also to assist 
him in learning by focusing on the individual within the context of others on the 
stairs, the stair environment and the management/ maintenance of those stairs 
and its users. Case study method and process is shown to be rigorous by 
Flyvbjerg et al (2006) and its adoption as the research method in this PhD Study 
sets it apart from others. The process needed to be designed in accordance with 
the central direction shown by Gray (2004) in Figure 3-6 and the order 
recommended by Yin (2009). Such a process is summarised in Figure 3- 5 and 
Figure 3-8 and fully described in this Chapter.  
   The exemplar buildings extracted as being representative of Buildings 1-
8 in the Exploratory Case Study from the 1980 dataset as well as those forming 
part of the 2008 – 2010 Case Study are fully described in Chapter 4 following on 
from this Chapter. The inclusion of the Exemplar Buildings (Buildings 3 and 7) 
in parts of the 2008-2010 Case Study are used for the longitudinal comparison of 
case outcomes dealing such relationships as fatigue and distance and expansion 
of measured stair examples for inclusion in the factor analysis. 
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Chapter 4 - Case Study Particulars 
4.1 Introduction 
   This Chapter presents the following case study details: 
 
? Exploratory Case Study building particulars and available data 
? 2008 – 2010 Case Study building particulars and trial evacuation 
particulars. 
 
This chapter should be read in conjunction with Chapter 3 – Research Methods 
   The Exploratory case study comprises eight buildings varying in height 
from 7 to 45 stories. The buildings were selected by an expert group that 
included Pauls who was responsible for a series of trial evacuation studies in the 
1970’s (Pauls 1974) for the National Research Council of Canada. The range was 
defined as follows: 
 
? By definition of “high rise” in the original building regulations as being 
those with an internal height measured between the lowest level of final 
exit and the top most floor level. This was 25 metres and is basically 
equivalent to 7 storeys of 3600mm per storey. 
? The upper limit was defined by the maximum height that could be safely 
evacuated from the floor of work origin to ground level. “Safety” in this 
instance was defined by the building owners in terms of the risk that they 
were prepared to accept.  
? Eight buildings in total allowed for  a suitable range between 7 and 45 as 
indicated by the average height of 21 storeys 
 
Each of the buildings are described in this chapter and the range of heights and 
associated building numbers are shown in Figure 4-1 below: 
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Figure 4-1: Range of building heights for the Exploratory case study (See also table below) 
Building No. Number 
Storeys 
Evacuation 
Time (mins.) 
Evacuation 
Strategy 
Sample Size 
1 13 35 Sequential with 
runners 
114 
2 17 40 Uncontrolled/ 
EWIS† 
111 
3 34 33 Uncontrolled/ 
EWIS†† 
138 
4 45 35 Partial: Floors 
41-45/            
17-21 
Sequential† 
88 
5 7 10* Uncontrolled† 38 
6 16 18 Uncontrolled† 75 
7 20 30 Sequential†* 93 
8 19 29 Sequential / 
electronic 
switching 
76 
* Descent speed less than 0.35m/s for entire stair for first few minutes due to person on crutches 
† Emergency Warning and Intercommunication System 
††Intercommunication portion was on a separate system 
†* Speakers on some floors were faulty and occupants had difficulty knowing what instructions they were required to 
follow  
          Exemplar building numbers 3 and 7 that are representative of the eight buildings and are included in the 2008-          
2010 case study 
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 The buildings for the 2008-2010 case study (see Figure 4-2) needed to 
achieve an average height of approximately 25 storeys as this was the height that 
50% of the exploratory case study population estimated they could cope with 
without a rest and therefore was appropriate to support a longitudinal comparison 
between two data sets. 
 
 
 
Figure 4-2: Range of building heights for 2008-2010 case study 
The lower part of the range was 10 storeys and the uppermost was 36 storeys 
being the maximum that building owners were prepared to accept for total 
evacuation of all the occupants in a trial evacuation. As can be seen the building 
owners appear to have become more risk averse over the last 30 years. This 
perhaps reflects the concerns of some of the 1970 pedestrian dynamics 
researchers (Pauls, Fruin and Zupan, 2007) concerning the reduced fitness of the 
global population.  The average building height was 24 storeys which was 
considered to be a reasonable compromise (compare green and orange columns 
in Figure 4-2). The selection is described in more detail in a subsequent 
subsection. 
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4.1.1   Generally 
   The linkage between the Case Studies is shown in Figure 4-3 below: 
 
 
Figure 4-3: Linkage of Case Studies Comprising the PhD Case Study (1980-2010) 
Author based case studies addressing: 
Stair width and use of a stair evacuation device being: 
Evacuation of office building during 2011 Christchurch 
earthquake and a study utilising an evacuation device 
designed to support a 200Kg. person. Augment the 2008-
2010 Case Study 
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Figure 4-3 shows the 1980 Case Study (now the Exploratory Case 
Study127) in light red box which comprised a total of eight high rise buildings 
located in the capital cities of each state located on the Southern and Eastern 
seaboards of Australia. The data from the 1980 Case Study undertaken by the 
Author as a researcher in the School of Building Studies at the University of 
Technology, Sydney comprised a series of hard copy SPSS V2 Printouts which 
were revisited and data extracted. These data were sorted and the relevant results 
are set out in Chapter 5. The 2008 – 2010 Case Study comprises a total of 6 high 
rise buildings where trial evacuations were held using the same protocols and 
different survey criteria developed using the Plan-Do-Study-Act process (NHS, 
2008). There were three cycles involved described in Chapter 3. The range of 
buildings for the 2008-2010 Case Study was established from the Exploratory 
Case Study from which the most common evacuation height that occupants could 
cope with was established as 25 storeys (MacLennan et al, 2008).  
Two of the buildings from the 1980 Case Study that were selected as 
representative exemplar buildings128 were revisited in 2010 and the stairs re-
measured. One of the other buildings was checked via the author’s contacts to 
confirm the original measurements. This rechecking was seen as being crucial so 
that the buildings checked for the Exploratory Case Study contained 20 and 34 
storeys respectively. The selection of this range was once again based on one of 
the original findings concerning evacuation height or distance (MacLennan et al, 
2008). 
 
                                                 
127 There are eight buildings in the Exploratory case study taken from the 1980 Study. From these 
eight buildings two representative buildings Numbers 3 and 7 are taken as being representative of 
the Exploraory case study for inclusion in the 2008-2010 case study 
128 Building 7 was 20 storeys in height and Building 3 34 storeys. These two heights and the 
building details together with the original occupant responses to the survey questionnaire 
included in Appendix A3 
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4.1.2 General Building Selection Criteria for Exploratory and 2008-
2010 case studies. 
Overall the criterion for the selection of suitable office buildings was 
established in the Author’s 1980’s Research Project by the associated expert 
project group. The same criterion was used by the author in the selection of 
buildings in the in the 2008-2010 case study were as follows: 
? Evacuation height > 25m 
? Two enclosed fire stairs  
? Evacuation plan, programme and regular drills 
? Evacuation organisation and policy for those whose functional abilities             
or limitations precluded them from using the stairs 
? Used as office buildings 
? Author permitted to attend Warden debriefing sessions 
?    Building Owners/ Facility Managers permitting the research team to use 
pre-established trial evacuation recording and observation protocols for 
the occupants descending the stairs. 
? Building Owners/ Facility Managers permitting the research team to use   
pre-designed questionnaires as part of a required survey of trial 
evacuation participants or occupants. 
? Suitability of the stair layout and location of handrails to permit the 
fixing of video cameras and also to provide a range of configurations 
that could be studied to assess their impact on occupant performance. 
 
4.1.3 Structure of Chapter 4 
     
The subsequent sections comprise: 
? Section 4.2 - 1980 and Exploratory Case Study 
? Section 4.3 – Christchurch Earthquake Case Study 
? Section 4.4 – 2008 – 2010 Case Study 
? Section 4.5 – Conclusion 
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Chapter 4 should be read in conjunction with Chapter 3 – Research 
Methods. It should also be noted that each of the trial evacuation drills in the 
Exploratory case study buildings and those from the 2008-2010 Trial Evacuation 
study will be summarised in this chapter together with a description of their 
layout and construction. 
 
4.2   The 1980 – Exploratory Case Study 
The 1980 Case Study comprised a total of 8 buildings as follows as 
shown in Figure 4-1127. The general particulars are described in the table 
associated with Figure 4-1. 
 
4.2.1 Adelaide, South Australia     
Building 5 – 7 storeys: 
Building Details 
Building five was a seven storey office building hidden behind a 
heritage type façade (Figure 4-4). A typical floor plan is shown in Figure 4-5. 
Each level is served with two fully enclosed fire stairs both of which were used 
during the trial evacuation. They both discharged directly to open space outside 
the building footprint. The position of the sandstone heritage façade is shown on 
the plan in Figure 4-5. The building was occupied by a Government Department 
where occupational health and safety was extremely important. The only 
additional available information from the records is the clear width of the stairs 
(1020mm) and the step geometry (tread width of 250mm and riser height of 
190mm). 
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Figure 4-4: Adelaide Building Five – Exploratory Case Study 
   Heritage façade  
 
Figure 4-5: Typical Floor Plan of Building No.  5 
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Trial Evacuation Exercise 
The evacuation strategy was simple uncontrolled evacuation sequence 
where every floor was permitted to enter the stair as instructed by their fire 
warden on the sounding of the alarm. The total evacuation time was 10 minutes 
with the extended time resulting from delays caused by a person on crutches. 
According to records there was one observer on level 3, 5 and 7. Each one of the 
observers had a Dictaphone and collar microphone. They noted the time the first 
person entered the stairs “sounding” letter “p” for males and “q” for women. 
Thus the entry sequence on levels was therefore a series of “p’s” and “q’s” 
sounded out at the exact interval the person concerned crossed the door threshold 
into the stairs  The 4th floor represented the simulated fire floor and each entrance 
to the stair on that level was covered by a video camera. The Dictaphone cassette 
tapes were abstracted on to an observation log. Questionnaires were handed out 
at the final exit to each of the stairs. The questionnaires were numbered and 
therefore could be used to create an accurate exiting profile including the floor 
number the individual started from together with all their other responses on the 
stairs. The observer was always the last person to enter the stairs from their level 
of responsibility. The data could then be used to reconstruct a stair descent chart 
from the exit and entry times similar to the example for Building 6. 
The alarm was sounded throughout the building a single signal and 
people responded randomly. The total evacuation time for the entire building was 
some ten minutes.  
  One interesting occupant that need to be catered for during the event 
was a male person crutches on Level 4. He insisted on using the stairs and the 
floor warden required this person to enter the stairs ahead of all the others. He 
delayed and “annoyed” other colleagues behind him. 
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Building 6: 16 storey building 
Building Details 
 Building six (Figure 4-6) was originally occupied by a major bank as 
the major corporate tenant. Health and safety was extremely important and 
regular trial evacuation drills were held. A part typical floor plan is included as 
Figure 4-7 below. The building has two fire stairs which discharge direct to open 
space outside the building footprint. The stair treads were 280mm wide and the 
risers 180mm high. A single handrail was provided and there was a reasonable 
contrast between the walls, stairs and handrail. The shaft was provided with 
emergency lighting.  
 
      
Figure 4-6: Adelaide Building Six - Exploratory Case Study 
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Figure 4-7: Adelaide Building Six – Part typical floor plan 
Trial Evacuation Exercise: 
 The building was provided with an emergency warning and 
intercommunication system. Although the procedures were centred on a 
sequential or controlled procedure the operation of the emergency 
communication panel was faulty on the day of the evacuation129 so that the 
procedure reverted to an uncontrolled evacuation when handed over to the floor 
wardens via a central announcement via the intercom to all the levels. The 
exercise therefore did not follow the written evacuation procedures but the 
training was such that the floor wardens took over. They reported to the chief 
warden outside the building on completion that their floor was clear and that 
everyone was out of the building. The alarm comprised an alert tone followed 30 
seconds later by the evacuation tone. Occupants commenced started to move 
randomly and followed the instructions of the wardens. Wardens were positioned 
in accordance with the written evacuation procedures including wardens located 
at the entry to each stair.  
                                                 
129 Confirmed post evacuation by the Chief Fire Warden.  
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 From available records there were observers located on levels 16 and 
15, 12 and 11 and 3 and 2. Stairs were designated for set levels. Data was 
collected by video cameras and observers with questionnaires being handed out 
at the final exit from each stair. The exact positions of the cameras are 
unavailable because of insufficient records. A stair descent chart reconstructed 
from these data at the time was available and has been included for one of the 
fire stairs illustrating the random entry sequence. The evacuation time was 18 
minutes 
  
Figure 4-8: Example of stair descent chart for Building 6 – Entry sequence
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4.2.2 Melbourne, Victoria 
Building 4: 45 storey office building  
Building Details 
 Building four was occupied by multiple tenants most likely with a 
similar profile to Towers 1 and 2 of the WTC.  A typical floor plan is included 
for reference in Figure 4-10 below. The building had two enclosed fire stairs that 
discharged at ground level, one into the ground floor lobby and the other outside. 
Figure 4-9: Building Four Exploratory Case Study 
The stair treads were approximately 250-260mm wide and the risers 180-190mm 
high. The clear width of the stairs was 1020mm. There was little contrast 
between the walls and stairs and a single handrail was available. The shaft was 
provided with emergency lighting and was pressurised. The building was 
provided with an automatic emergency warning and intercommunication system 
and the evacuation strategy was for a phased evacuation the pattern of which was 
sequenced in accordance with the location of a fire or incident.  
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Figure 4-10: Typical Floor Plan for Building 4 
Trial Evacuation Exercise 
  The Authorities would not permit the drill to cover the entire building 
so that the drill covered two parts of the building being five mid-level floors and 
five upper level floors with the uppermost level being the top floor of the 
building. This sequence selected for the trial evacuation was proposed by the 
building owner and Authorities to line up with the phased evacuation pattern. 
Floors were generally evacuated five floors at a time. This represented the 
incident floor with two floors above and two floors below. The owner permitted 
a double grouping for the trial and suggested that this pattern was used for 
training as well. The upper group of floors comprised floors 41-45 and the lower 
17 – 21. One stair was designated for the high rise and the other for the lower 
group as per the evacuation procedures. The author was an observer on Level 45 
and he had a BMI of 52 at that time. Observers were positioned on Levels 45, 43 
and 41 and Levels 21, 19, and 17 on the lower group. Video cameras were 
located on the incident floor being level 42 in the upper group and 18 in the 
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lower group. Numbered questionnaires were handed out at the final exits from 
each of the fire stairs. Both groups of floors evacuated simultaneously on the 
sounding of the evacuation alarm which was clearly audible. Prior to entering the 
stairs the evacuation plan called for the warden to check for all the occupants 
prior to anyone entering the stair. When the occupants did enter the stair they 
entered as an entire group in quick succession lead and followed by wardens. The 
groups were quite large. The evacuation time for the upper group of floors was 
some 35 minutes with one of the occupants falling most likely due to 
agoraphobia (NCIM, 2012). Data was collected as before from the observers’ 
Dictaphone tapes and the returned questionnaires and analysed. Stair descent 
charts were reconstructed from the analysis. 
 Building Two: 17 storey office building  
Building Details 
Building Two is a 17 storey office building with three fire stairs, one discharging 
inside the ground floor lobby and the other two direct to the outside. There was a 
single corporate tenant comprising a major bank in Building 2 (Figure 4-11). A 
typical floor plan is shown in Figure 4-12. The stairs are grouped with the lifts 
and were all pressurised and provided with emergency lighting. 
 
 
Figure 4-11: Building Two - Exploratory Case Study. 
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Figure 4-12: Typical floor plan Building 2 
 
 The stairs according to previous notes comprise reinforced concrete 
construction with 250mm treads and 190mm risers and had a clear width of 
1020mm. Stair entry doors were 1000mm wide and encroached on to the clear 
width of the stairs at each major landing. There was a single handrail in each 
stair. There was sufficient space on the main landing on each level for occupants 
to rest. 
Trial Evacuation Exercise 
 The evacuation strategy was for sequential evacuation utilising an 
automatic warning and intercommunication system. Phased evacuations were 
also possible. Evacuation commenced from the top floor with the next floor 
following on once the upper floor was cleared. Only two of the stairs were 
monitored for this exercise because of resourcing. Observers were positioned on 
Level 17, 12, and 3. They were provided with Dictaphones which were also 
supplied to some wardens. The additional wardens were briefed on observation 
protocols before the exercise commenced. The overall evacuation time was 
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approximately 40 minutes before of the delays caused by the response patterns 
on the upper levels. Questionnaires were handed out at the final exits of the two 
monitored stairs. Data was obtained from the questionnaires and observer tapes 
and analysed as before. Stair descent charts were reconstructed from the data 
which emphasised impact of the upper floor delays.  The most interesting feature 
of this evacuation drill was that some of the occupants on the lower floors took 
over 30 minutes to gain access to the stairs because they continually deferred to 
occupants from above. 
 
4.2.3 Sydney, New South Wales 
Building One: 13 storey office building 
Building One (Figure 4-13 and Figure 4-14) was originally occupied by a single 
government department tenant. Five of the levels were used for car parking with 
the upper eight floors as office space. Stairs were approximately 1020mm in 
clear width, 250mm wide treads and 190mm high risers. There was a single 
handrail. The walls were grey along with the stairs. Both stairs discharged direct 
to the outside of the building. Emergency lighting was provided but the stairs 
were not pressurised. 
 
Figure 4-13: Building One - Exploratory Case Study 
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Figure 4-14: Typical floor plan Building 1 
Trial Evacuation Exercise 
 There was no emergency warning and intercommunication system 
installed in the building. Management were still committed to health and safety 
so that trial evacuations were triggered via manual communication comprising a 
pre-planned telephone network and runners between floors. The runners warned 
the next floor above of the incident and to evacuate. This was repeated for all 
eight levels. The evacuation drill therefore resembled a sequential evacuation as 
the floors were notified in a set sequence for commencement of the drill.  
 On the day of the exercise level 8 was selected as the fire floor. 
Observers were positioned on levels 13, 10 and 8 for each stair. The observers 
were provided with Dictaphones and lapel microphones. Observation protocols 
were as before.  Some counter flow was introduced with fire-fighters gaining 
access at ground level and ascending to the simulated ‘fire floor’ which was level 
eight. Numbered questionnaires were handed out at the final exit from each stair. 
Data was gathered from the returned questionnaires and observer Dictaphone 
tapes and analysed. A stair descent chart was reconstructed showing the delay in 
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entries between each level. This explains the overall evacuation time of 35 
minutes. 
Building Eight 19 storey office building 
Building Details 
 Building eight (Figure 4-15) was originally occupied by one major 
tenant, being a major banking organisation. A floor plan is included in Figure 4-
16. The building contained two fire stairs in opposite corners of the building 
which discharged directly to the outside. One of the stairs is connected to the lift 
lobby. Treads measured 250mm and the risers 190mm.The clear width of the 
stairs was 1020mm. The walls and stairs were grey with no contrast between the 
walls and stairs. Support was provided by a single handrail in each stair. The 
stairs were pressurised and provided with emergency lighting. The automatic fire 
alarm only notified the emergency management team and fire brigade. The 
building was provided with a manually operated alarm and inter-communication 
system.  
 
 
 
 
 
Figure 4-15: Building Eight - Exploratory Case Study 
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Figure 4-16: Floor plan of Level 18, Building 8. (Marked up with an occupant’s movement 
path from original project). 
Trial Evacuation Exercise 
 The management were committed to health and safety. The chief fire 
warden initiated the alarm for the exercise manually from a control console 
comprising a series of toggle switches, one for each floor. He evacuated the floor 
in groups of five starting at level 19 and then in descending order. Observers 
were located on levels 19, 11 and 3. The video camera was located on the 
“incident” floor and recorded the flow of occupants from that floor into the exits. 
The observers were provided with Dictaphones and lapel microphones. 
Numbered questionnaires were handed out at the final exits from each stair. Data 
was gathered from the returned questionnaires and the Dictaphone tapes. These 
data were analysed and a stair descent chart reconstructed showing an overall 
evacuation time of 29 minutes.  
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4.2.4 Brisbane, Queensland (Exploratory Case Study Exemplar  
 Buildings for 2008-2010 case study) 
    As noted in Chapter 4 after attempting to gain access to Buildings 1-8 
from the Exploratory case study the only access that was available was to 
Buildings 3 and 7 each of which are located in Brisbane. They also most closely 
resemble the layouts and protocols associated with their use in the 1980’s. They 
are representative of the sample in terms of height and layout. This was also 
confirmed by the response of occupants of the maximum number of storeys they 
thought they could descend without a rest. 50% of the population responded that 
25 storeys was the limit, Building 3 is 33 storeys and Building 7 is 20 storeys. 
The meaning of exemplar in this regard is representative. These buildings can 
therefore be studied further in the 2008-2010 case study for longitudinal 
comparisons and factor analysis. 
  
Building 3: 33 storey office building 
Building Details 
 
 Building three in Brisbane is a thirty three storey office building located 
in the Brisbane CBD. It has been refurbished in part since the 1980 trial 
evacuation was held but the stairs are the same and reasonably well maintained. 
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Figure 4-17: Diagrammatic Floor Plan for Building Three – Exploratory Case Study.  
       :  - 
Figure 4-18: Typical View of first stair flight at stair entry – Building 3 – Exploratory Case 
Study 
 The building was re-visited in March 2010 and the following 
observations recorded:  
  
? The emergency warning and intercommunication system had not been 
totally upgraded since the 1980’s. 
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? The stair is much the same as Building 7 except there is a lack of 
uniformity in risers on many of the flights up to +/- 10mm.  
? Floor numbers are well signposted in red on each level. 
? The level of illumination is good with a fluorescent fittings of increased 
output compared to Building 7. There is only a minimum amount of 
shadows cast across some of the steps in each flight. 
? There is no marking on the nosings so the steps are not really legible 
(lack of edge conspicuity). 
? The stairs serve 32 levels with low rise classified as 1-13 and high rise 
as 15-32. Both stairs open off the lift lobby. 
? The handrails are not graspable being made from a 75mm deep by 
15/20mm thick steel flat. 
? Handrails are painted black so that there is some contrast with the 
cream coloured walls. 
? The stairs are steel trowelled finish so that there is some edge contrast 
with the walls. 
? The fire hydrant outlet does not obstruct the movement or circulation 
path. 
? The handrail section does not act as a balustrade so that there is a 
completely open void. 
? Treads are 250mm wide approximately and risers 190mm high. Stairs 
have a clear width of 1020mm. 
   
There are additional visual images in Appendix A4 that amplify the above 
observations. 
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Trial Evacuation Exercise 
 The building was equipped with an emergency warning system 
supplemented by a mobile intercommunication system. The chief warden and 
floor wardens were supplied with these devices. The procedures called for an 
uncontrolled evacuation where all occupants evacuated on the sound of the 
evacuation signal. Wardens were positioned at the entry to the stairs to provide 
assistance where necessary.  
 Observers were positioned on Levels 33, 26. 19 and 10 and the video 
camera on level 8 which was set as the incident floor. Questionnaires were 
handed out at the final exits from each of the stairs Data was gathered from the 
returned questionnaires and observer Dictaphone tapes and analysed. As before a 
stair descent chart was reconstructed. The evacuation went extremely smoothly, 
the overall evacuation time being 33 minutes. 
Building 7: 20 storey office building  
Building Details 
 Building seven in Brisbane is a twenty storey office building located in 
the Brisbane CBD. It has been refurbished in part since the 1980 Research 
Project trial evacuation was held but the stairs are the same and reasonably well 
maintained. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-19: Building Seven Brisbane Typical Floor Plan serving as part of signpost in Lift 
Lobby 
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Figure 4-20: Typical view of down flight approaching entry door – Building 7 (other stair is 
opposite handed) 
 The following observations were made from the original survey and 
from the revisit in March 2010: 
 
? Occupants are firms of Engineers, Insurance Brokers, Government 
Agencies and Financial Institutions. 
? The building has been refurbished but the stairs remain much the same 
in terms of handrails (rectangular section – poor graspability), steel 
trowelled finished steps and landings, wall colours, internal hydrants 
(possible obstruction), degree of illumination, lack of nosing 
conspicuity,  
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? There is no legibility between the steps (grey on grey). The handrails 
are not graspable because of their 30X30 rectangular shape and position 
of supports.  
? Large amount of shadows on steps even although there is a fluorescent 
light at every level and mid landings. 
? There are floor level number signs on the internal face of the fire doors 
but they are not consistent and some are not readily visible. 
? One of the fire stairs discharges into the main lobby on the ground floor 
whilst the other discharges directly to the outside. 
? There is only one handrail and the void is quite large so people with 
vertigo may have problems. 
?  Stairs were well maintained and clean. 
? Stairs are opposite handed to each other. 
? Treads are 250mm wide approximately and risers 190mm high. Stairs 
have a clear width of 1020mm. 
 
 Additional visual images are available in Appendix A4 that provide 
further information about the above bullet points. The completed stair assessment 
template is included in Appendix A4. 
Trial Evacuation Exercise 
 The building was equipped with an emergency intercommunication 
system and the strategy basically sequential. The procedure required wardens on 
each floor to be at their communication points after the sounding of the alert 
signal. There was confusion at this point on the day of the exercise because the 
announcements made on the floors were inaudible. Wardens were unclear as to 
what they were required to do so that in many instances the floor wardens took 
over and some started to evacuate before the evacuation signal was sounded. 
 Observers were positioned with their Dictaphones and lapel microphones 
on levels 20, 15, 10 and 5. Numbered questionnaires were handed out at the final 
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exit from each of the two stairs. Data was gathered from the returned 
questionnaires and observer Dictaphone tapes. Stair descent charts were 
reconstructed and showed the impact of the communication problems. The 
overall evacuation time was 29 minutes.  
  
4.3  Author based case studies 
 See link to 2008-2010 case study in Figure 4-3. There are two case 
studies involved being: 
 
? The Christchurch Earthquake evacuation focussing on the stair width 
dichotomy. 
? The assisted evacuation testing an evacuation device and its performance 
in terms of descent speed as an extension of the study by Adams and 
Galea (2010). 
4.3.1 Christchurch Earthquake Evacuation 
 This case study addresses the minimum stair width dichotomy where 
recommendations have been made to increase the widths to between 1200mm 
and 1500mm (Peacock et al, 2009 and Pauls et al, 2007). The author at the time 
was unable to descend the stairs without the use of both handrails because he was 
morbidly obese, had a fear of falling and severed pain in his lower limbs.   
 
 On the 22nd February 2011 at 12.51.42pm (epicentre) Christchurch 
experienced a magnitude 6.3 Earthquake which resulted in extensive damage to 
two of the office buildings in the Central Business District. Two multi storey 
office buildings actually collapsed being the Pyne Gould Guiness Building 
(Figure 4-21) and the Canterbury TV Building (Figure 4-22) in the centre of the 
city. The author was located on the fifth level of an 8 storey office building at 
123 Victoria Street (see Figure 4-23) at the time of the earthquake. The location 
is within 1000m of the centre of the city. 
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Figure 4-21: Pyne Gould Guinness Office Building  
 
 
Figure 4-22: CTV Building Total Collapse 
 After the initial shaking had subsided the whole building was required 
to evacuate to a safe place away from the building. The building had extensive 
damage so that occupants were not permitted to return into the building for quite 
some time. 
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Figure 4-23: 123 Victoria Street - Author's Location 
 
 
Figure 4-24:- Partial View of Main Fire Stair 123 Victoria Street 
 Figure 4-24 shows a view of the stairs some time after the earthquake 
when some of the occupants were permitted in the company of a certified 
structural engineer to retrieve some of their equipment out of the building 
(duration of stay not greater than 60 minutes). Some of the stair flights were not 
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fully secured between landings and this represented the condition on the day of 
the earthquake. 
 The details of the stairs were as follows: 
 
? Two handrails provided which were about 40mm diameter and readily 
  graspable. 
? Tread width was >260mm and riser height approximately 180mm.with a 
  pitch in percentage terms of 68%.  
? The handrails and steps were reasonably legible 
? The level of illumination was > 50 lux 
? The width was about 1000mm 
? There were two turns per storey with the stair being a dog leg stair. 
? There were no substantial obstructions 
? The stair did not discharge directly to the outside so that occupants 
  needed to be familiar with the exit route. 
  
  The shaking of the ground and building commenced at 12.51.42. The 
occupants commenced evacuation at approximately 12.52pm. It is estimated 
from interviews conducted with the floor fire warden that the first person from 
the author’s level took some 30 seconds to exit the building. The opening descent 
speed was approximately 1.2m/sec.  
 The author as part of a group formed at the work location entered the 
stairs at approximately 12.54pm. He took some 80 seconds to exit the building. 
In so doing he held up the rest of the group and would have fallen if there had not 
been two handrails provided.  
  The stair was constructed of “L” shaped precast concrete sections 
supported on a steel framework. The latter was damaged during the quake. Water 
from the domestic water supply “poured” down the entire well so that surfaces 
were slippery. Lighting remained intact and the evacuation alarms sounded for 
the entire duration of the evacuation. 
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 The results of the case study are discussed in Chapter 7.  
4.3.2 Author Case Study – Assisted evacuation on stairs 
 The following case study is where the author, as an expert immersed in 
the PhD Case Study, challenged the findings of Adam and Galea (2011) and 
Zmud (2007) and carried out his own site test where the mass of the individual 
requiring assistance was some 200Kg. 
 The test stair selected was one that represented a typical high rise 
building stair such as those found in 2008-2010 Case Study Buildings, Numbers 
M1 and M3. The Adams and Galea Study (2010) comprised a multi storey ascent 
so that this will be allowed for in the discussion in the subsequent sections. 
 The stair geometry is where the pitch is approximately 380. This pitch 
resembles a steep stair so that the test addresses many of buildings constructed in 
accordance with the minimum going dimensions (250mm) and maximum riser 
dimensions (195mm). It is therefore considered to be a conservative pitch in 
terms of the performance of the Evac-chair® vehicle, especially the model 1-
440130.  
  
Figure 4-25: View looking up the test flight 
                                                 
130 Model with passenger capacity of 200Kg. 
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 Figure 4-25  shows a typical front view of the test stair flight. The nosing 
contrasted with the dark vinyl floor covering and the black handrails with the 
light coloured walls. There were a total of thirteen risers. 
 
Figure 4-26: Test run no. 4 with a single operator 
 
Figure 4-27: Test 6 with 2 operators 
Figure 4-26 and Figure 4-27  show the author during tests 4 and 6. Note 
that the author is below the limit recommended for a single operator but in such 
instances the operator would be expected to have been properly trained and to 
participate in this capacity during each trial evacuation. 
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 Adams and Galea (2010) utilised a 75kg subject for the Evac-chair test. 
The likely BMI would have been 22. The author being the person immersed in 
the PhD case study is still classified as Class III obese having a BMI of 33. 
During the 1980’s he had a BMI of 56. In order to view the descent speed results 
from the Adams and Galea (2010) study in context the author conducted a test 
with the permission of the suppliers of Evac-chair using the model 1-440 as the 
descent vehicle. This model is designed to carry people with a mass limit of 
200Kg or 440 lbs.  
A total of six test runs were conducted for the reason of internal validity so that 
the comparison with the Adams and Galea (2010) study could be placed in 
context. The results are presented in Chapter 7. 
4.4     The 2008-2010 Case Study – Building Particulars 
 The 2008 – 2010 Case Study was undertaken in three Plan-Do-Study-
Act Cycles as explained in Chapter 4. Each of the buildings has been coded as 
follows: 
 
? PDSA Cycle 1 – Building M1 – Christchurch – 10 storeys and Building 
 M2 – UAE – 36 storeys. 
? PDSA Cycle 2 – Building M4 – Wellington 1 -26 storeys and Building 
 M3 – Manchester (UK) – 17 storeys. 
? PDSA Cycle 3 – Building M5 – Wellington 2 – 18 storeys and Building 
 M6 – 34 storeys. 
 The descriptions included in this section comprise floor plans and 
annotated sketches of the main fire stairs. No internal photographs are included 
for some due to the requirements of the Owners/ Facility Managers. Each 
building also includes some information on the trial evacuation set up and 
procedures. 
 Each section also includes a summary of the trial evacuation exercise. 
The video camcorders that were used are shown in Figure 4-28 and the mounting 
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is described in Chapter 3. These cameras were able to operate in low levels of 
illumination and were extremely easy to operate especially in terms of ensuring 
that each “view” told the story for that level. The cameras were also equipped 
with full sound recording systems for additional observations. The Dictaphone 
Figure 4-29 was in the form of a cassette recorder which was supplied with a 
lapel microphone so that the observer could be less obtrusive if this was required.  
 
 
Figure 4-28: Main video camcorders used to record occupant progress   
         when going down the stairs. 
 
 
     209
 
 
Figure 4-29: Views of typical “Dictaphone” (cassette recorder) used by observers. 
 
4.4.1 Building M1: PDSA Cycle 1 – Christchurch, NZ, 10 storeys. 
 
Building Particulars 
  
  
 
 
Figure 4-30: Lobby and stair plan on typical floor - Building M1 
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Figure 4-31: Dimensioned plan view of scissor stairs - Building M1 
 
 The Christchurch Office Building (M1) comprises a 10 storey office 
building with a ground floor of retail shops and 9 floors of office space with a 
gross area of some 300m2 per floor (see Figure 4-30). The building is provided 
with two fire stairs in the form of fire separated scissor stairs. There is no void or 
well between the flights and there is only one ‘turn’ per floor. Unfortunately both 
of the stairs discharge into a common corridor at ground level and there is a 
reduction in width or exit carrying capacity. The walls are a light colour with the 
stairs being covered with a grey colour vinyl sheet. Aluminium nosing strips are 
used to delineate the stairs. There is a single pipe handrail (dark grey) on the 
inside wall as described in Figure 4-31. On the day of the evacuation trial only 
the fire wardens had been notified of the drill but it is highly likely that news 
about the drill leaked out to the other occupants. Trial evacuations are held once 
per annum and are under the direction of evacuation safety specialists in the 
employ of the Facility Manager. 
 The stairs should be familiar to the occupants as the male and female 
toilets are located within the fire stair ‘envelope’ or enclosure.  
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  The assessment of the stair environment may be found in 
Appendix A4. An extremely dark visual image of one of the typical flights in 
stair one is shown in Figure 4-32 below: 
Figure 4-32: Visual Image (Dark) of typical 
stair flight in Stair 1. 
 
 
 
 
 
 
 
Summary of trial evacuation for M1. 
 On the night before the evacuation the video camcorders were 
positioned in the stairs on all levels with one per stair (scissor stair) which meant 
that in each of the stair systems there was one camera every two levels. There 
were an additional two camcorders covering the final exits on the ground floor. 
The team comprising eight fire engineers were fully briefed 30 minutes before 
the exercise. They were supplied with fully charged and tested Dictaphones. Five 
minutes before the evacuation signal was due to be activated the observers 
proceeded to their assigned floors131 which were two on level 10, two on level 7 
and two on level 3 with the remaining two at the final exits on the ground floor. 
At the same time the ground floor observers proceeded down the stairs from the 
top storey and switched on the camcorders as they went. The evacuation signal 
was sounded by the evacuation consultant and all the occupants evacuated at 
once (uncontrolled evacuation strategy – “one out all out”. All the occupants left 
in an orderly fashion and the building was evacuated in some five minutes. There 
                                                 
131 Five minutes before the evacuation signal. 
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were delays as expected in the ground floor corridor. All the questionnaires were 
handed out by the two observers on the ground floor and were collected from the 
fire wardens on each floor as arranged at the briefing meeting held the week 
before the exercise was held. The follow up questionnaire was handed out when 
the others were collected. The follow up questionnaires were picked up two days 
later but the response rate was below ten percent. The video camcorders were 
also removed and the digital memory cards were extracted and marked as to their 
level and stair number. The same procedure was followed for the cassette tapes. 
All the raw data was then transferred into electronic folders marked “M1-Trial 
Evacuation, ready for analysis.  
4.4.2   Building M2: PDSA Cycle 1 - 36 storeys in UAE. 
Building Particulars  
 This building, located in a typical UAE Business Park, comprises two 
levels of car parking and 34 floors of ‘freehold’ office space’ with typical 
subdivisions on each floor as shown in Figure 4-33. Each office is supplied with 
their own amenities. The net floor area per level is approximately 600m2 with an 
extremely low occupant density of approximately 0.05 persons/m2. This 
establishes an occupancy level of approximately 30 per floor.  
 The building is provided with two separate fire stairs where the treads 
are 300mm and the risers 150mm, with extremely comfortable step geometry. 
Two handrails are provided which are circular, but oversize, being 60mm in 
diameter. They are not continuous at each level. The stair has a conventional dog 
leg configuration. Ventilation is provided to the stairs in the form of a 
pressurisation system and the shafts are provided with emergency lighting. A 
clear width of 1020mm plus is provided. (See Figure 4-34 for additional plans 
and a typical section through the stairs). 
 The floor covering is a cream coloured ceramic tile profiled on the 
nosings. No contrast is provided between the steps, landings and wall seeing the 
walls are white. The handrails are also white so that none of the safety elements 
     213
are legible in any way. Orientation is compromised by the lack of signage on 
each level. Comments about lack of contrast and continuity of handrails can be 
seen in Figure 4-35 
 
Summary of trial evacuation for M2  
 The fire/ evacuation alarms were set for a sequential evacuation. They 
were activated for four floors at a time at three minute intervals. The lifts were 
designed to return to the ground floor and be locked off. As the alarms sounded, 
the emergency team provided the occupants with instructions. Each ‘office 
owner’ was required to provide their own warden and was expected to evacuate 
in an office group. Cameras were provided on every third floor. Only six 
observers were used due the difficulty of raising the necessary resources on the 
day although a total of twelve observers had been ear marked for the trial. This 
resulted in two observers on Levels 34, 21 and 13. The questionnaires were 
handed out by the facility manager’s staff to the occupants as they arrived at the 
assembly point. The observers were briefed as per M1 but their assigned floors 
had to be changed at the last minute because the rest of the team had been called 
away on business at the last minute.  
 This case study could have been dispensed with due to the fact that the 
building systems failed and the evacuation was not completed. No timed stair 
descent data was gathered as: 
? Lifts did not return to the ground floor so that many of the occupants 
 used the lifts instead of the stairs. 
? Levels 33 refused to evacuate (Observer report) 
? Level 23 did evacuate but only with a total of 10 people, 2 using the 
 South Stair and 8 the North Stair. The 8 people took 12.5 minutes to 
 descend through 21 floors and the others took 15 minutes. 
? The alarms did not sound on many of the levels so that occupants on 
 those floors were confused and did not respond. 
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? The temperature inside the stairs was 400C + and the stair pressurisation 
 fans failed so that air was not moving through the shafts. 
? Approximately 150 persons completed the evacuation and the Author 
 was required to debrief them. 
? Two falling incidents occurred which will be fully analysed in Chapter 
 7.  
? Level 13 did not evacuate and the two observers on this level were 
 required to report to the debriefing area some 20 minutes after the first 
 set of alarms had sounded.  
? Because of the excessive temperatures in the stairs some of the cameras 
 had been dislodged and damaged due to the industrial “tape” used to 
 hold them in position had delaminated from the walls.  
 
The questionnaires were collected the following day by the facility manager’s 
staff and coded in accordance with the author’s instructions. The follow-up 
questionnaires were handed out on the same day by the facility manager’s staff 
and collected the following day. Once again the response rate on the follow-up 
questionnaire was less than ten percent.  
 There were two “falling” incidents reported, one in each stair. The first 
fall involved a mature age male who haemorrhaged during descent and needed 
attention from paramedics as well as being taken to hospital. It was attributed to 
heat stress according to the observer. The other falling incident was that of a 
morbidly obese male hurrying down the stairs. He commented that he was tired 
and found it difficult to focus especially with the illegibility of the steps (Figure 
4-35). The male missed his footing at a mid-landing level stepping off the second 
last step and fell coming to rest on the ground. He was assisted out of the 
building and placed in a wheelchair. These two falls are analysed and discussed 
further in Chapter 7. 
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Figure 4-33: Typical Floor Plan and Perspective   
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Figure 4-34: Stair Details Building M2 UAE 
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Figure 4-35: Visual Images of Building M2 Stairs as noted
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4.4.3  Building M4: PDSA Cycle 2 – 26 storeys – Wellington, NZ  
Building Particulars  
 Building M4 is located in Wellington, New Zealand. It has a gross floor area 
of 1000m2 per level with an approximate occupancy rate of 0.05 persons /m2. Levels 
15 and 16 comprise plant rooms and are not occupied. The lowest three levels of the 
building are used for car parking (Figure 4-36) 
 The fire stairs are located in the central core of the building and comprise 
two sets of fire separated stairs. The configuration is very similar to Building M3. 
Due to the sloping nature of the site the stairs discharge to the outside of the building 
at Level 3. There is only one turn per storey in the stairs and each flight is provided 
with an intermediate landing. The clear width is approximately 1000mm and two 
handrails are provided with a diameter of 40mm diameter. The treads are 260mm 
wide and the risers 150mm high. A dark coloured vinyl floor covering is used on the 
stairs. The stair environment assessment may be viewed in Appendix A4. Occupants 
of Levels 25 and 26 are always pre-warned when trial evacuations are to be held due 
to the nature of their operations. Data from these two levels have therefore been 
deleted from this study. There is a small annex included with this building but this 
annex was also ignored seeing it was equipped with its own stair for reasons of 
simplicity and availability of coding resources. 
 The floors are occupied by various organisations many of which are spread 
over more than one floor. The stairs were used for inter floor communication so that 
some of the occupants would have been reasonably familiar with these stairs. 
 
Summary of trial evacuation for M4  
 Following a review of the trial evacuations in M1 and M2 it was decided to 
dispense with the follow up questionnaire and absorb the questions on fitness into the 
main instrument. The mountings of the video camcorders were also reviewed and a 
new bracket trialled and found to be extremely flexible in that it could be fixed to 
handrails or hydrant risers affording a better “view” of the descending occupants. 
This bracket is fully described in Chapter 3. 
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On the day before the trial evacuation the camcorders were fixed in position being 
every third level and one above each final exit. Observers met for their briefing some 
twenty minutes prior to the commencement of the evacuation. The team was made 
up of fire engineers from the author’s previous practice in Wellington. Observers 
were located approximately every four levels. There were 300 occupants from 21 
levels using Stair 1. This results in an average of 14 occupants per level.  
 The lifts returned to the ground floor on fire alarm and the evacuation 
sequence was that of an uncontrolled evacuation (all out at once). The total 
evacuation time was of the order of 10 minutes which indicates a reasonably rapid 
descent rate. Trials are held once per annum as part of the legal requirements of the 
New Zealand Fire Safety and Evacuation of Buildings Regulations. The stair 
environment assessment coding sheet may be viewed in Appendix A4 and the results 
are presented in Chapter 7. 
 The questionnaires were handed out on completion of the exercise to the 
floor wardens who then supplied them to the occupants. The questionnaires were 
collected on some two days later. The equipment was removed on completion of the 
evacuation and the data transferred into an electronic folder as per M1 ready for 
analysis. 
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Figure 4-36: CYCLE TWO, BUILDING M4 – WELLINGTON 1 – 26 STOREY OFFICE BUILDING – TYPICAL FLOOR PLAN AND ELEVATION
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 Figure 4-37: Diagrammatic Plan of Scissor Stairs and Part Section  
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4.4.4 Building M3: PDSA Cycle 2 – 19 storeys – Manchester UK. 
Building Particulars 
 Building M3 is a 17 storey Office Building located in Manchester, United 
Kingdom. The Ground Floor comprises some retail and there are two levels of 
serviced offices. The floor area is some 300m2 per floor and the occupancy rate 
varies. An average rate would be 9.5m2 per person. Plans, sections and other visual 
images may be found in figures 4-38 to 4-42. 
 There are two stairs in the building. The main stair (referred to as the Clean 
Stair) is the main stair located adjacent to the lifts. This stair is carpeted and nosing 
sections provided to each step. The walls are a white colour and the carpet a dark 
brown. Some support is provided by a single handrail which is dark and comprises 
35mm square steel sections broken by the support posts so graspability could be a 
problem. The treads are only 245mm wide with 190mm high risers. As such the stair 
is found by many of the occupants to be steep. A clear width of between 940 and 
960mm is provided which is sufficient for a single or staggered arrangement of 
occupants when descending the stairs. The stairs are not extremely well defined. 
 The other stair is located in a shaft external to the building. At one time this 
stair was an open stair but is now fully enclosed. This stair comprises exposed 
concrete treads with yellow markings to the nosings. Lack of maintenance is the 
problem. The shaft was cleaned out for the purposes of the trial evacuation. Once it 
had been cleaned out and the few obstructions removed then it proved to be quite 
serviceable.  
 The handrail comprises a 35mm square section as per the Main Stair but the 
graspability is better because the support posts are not so intrusive. Although there is 
no contrast between the concrete walls and stair flights, the nosings are clearly 
marked in a yellow colour and handrails are red. The treads are 250mm wide and the 
risers 190mm which is exactly the same geometry as Building M6. The clear width 
varies between 970mm and 980mm. 
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Summary of trial evacuation of M3 
 The trial evacuation sequence is an uncontrolled one i.e. everyone evacuates 
at the same time. Stair usage is somewhat uneven but seeing the Main Stairs are the 
ones normally used the split is somewhat expected. The Dirty Stair was used by 60% 
of the occupants of Levels 7 and 8, 100% of the occupants from Level 11, 30% of the 
occupants from Levels 12 and 13, 50% of the occupants from Level 16 and 40% 
from Level 17. The overall split between the stairs was 35% for the Dirty Stair and 
65% for the Main or Clean Stair. 
 Some children took part in the evacuation entering from Level 9.This was 
further complicated by some parents carrying strollers along with toddlers in their 
arms thereby causing some “platooning” in the stairs behind them. The wardens, 
however, were vigilant and the evacuation was still orderly and the parents and 
children were not placed at risk. The overall evacuation time was some 7 minutes.  
 Cameras were located on every third level and only three observers were 
used, once again because of the availability of resources on the day. One observer 
descended the dirty stair from level 17 and the other two observers in the Main Stair 
from Levels 17 and Level 10. Entry from Level 10 was extremely useful because of 
the problems associated with Level 9. The results are presented in Chapter 7. 
           
Figure 4-38: Typical Floor Plan for Building M3 
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Figure 4-39: Clean or Main Stair Building M3 – Plan View 
 
                                                      
Figure 4-40: Dirty or External Stair – Building M3 – Plan View 
 
Questionnaires were handed out at the assembly points on completion of the 
evacuation and collected the day after. The equipment was removed immediately on 
completion of the evacuation and the data transferred into an electronic folder as per 
M1 ready for analysis. An important point to note is that this was the first building 
     225
that the new brackets were tested on. The bulk of them were attached to handrails 
and pipes as per M4. This method of fixing was therefore maintained for the 
remaining trial evacuations. 
 
                                               
Figure 4-41: Plan View of Main Stair Flight Building M3 
 
       
Figure 4-42: Overhead View of Dirty Stair Flight – Building M3 
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4.4.5 Building M5: PDSA Cycle 3 – IPAQ   
Building Particulars  
 Building M5 is located in Wellington, New Zealand and comprises 17 levels 
of 1300m2 per level. The aspect ratio of the typical floor is 4.5:1. Stairs 1 and 2 are 
located some distances from one another and they discharge at Level 3 due to a 
sloping site. For plans and other visual images of the building see Figure 4-43 to 
Figure 4-45(B) 
 The treads are 270mm wide and the risers were open having a height of 
175mm. An open void exists around a winding stair with two intermediate landings 
between each level. This involves 4 turns and stairs that experience some vibration 
under crowd conditions. The clear width between the single handrail and the wall is 
1045mm on the main flights. The handrail comprises a rectangular timber section 
which is extremely difficult to grasp. Further details are available on the environment 
coding sheet for Building M5 in Appendix A4 
 Stair 1 served 255 occupants for 13 levels which is an average of 19 
occupants per storey. This would not appear to result in a high density but most 
likely due to extensive delays due to uneven loading from some of the levels. This 
will depend on the detailed results presented in Chapter 7. 
 
Summary of trial evacuation of M5  
The evacuation strategy for the building is satisfied by an uncontrolled evacuation 
where everyone supposedly enters the stairs at the same time.  The overall 
evacuation time was approximately 9 minutes.  
 
 
Figure 4-43: Building M5 Typical Floor Plan 
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 Figure 4-44: Building M5 Elevation and Perspective 
  
 
 PART DETAILED PLAN OF STAIR ONE AND STAIR TWO (A) 
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PART DETAILED SECTION STAIRS ONE AND TWO (B)  
Figure 4-45 (A) and (B): Stairs One and Two Details Building M5 
 There were a total of six observers for the stairs so that two were positioned 
on the top floor (one per stair), two on level nine and two on level four. The 
observers met in the lobby on the day before and the briefing was short because it 
was the same team that was involved on M4. They proceeded to their assigned levels 
and stairs ten minutes before the evacuation alarm. The observers for level 4 were 
responsible for switching on the video cameras. Camcorders were placed on every 
second floor with one above each final exit.  
 The rate of descent appears to have been slow and steady due to the rapid 
occupant response from each floor. Queues formed and there were delays. Because 
the drill was held regularly twice per annum, the occupants were familiar with 
conditions entering and within t6he stairs. Building M5 was expected to contradict 
the results of fatigue from the other buildings because of the large number of people 
in the stair at the one time and the fact that this slowed everyone down. No one 
appeared to “hurry” down the stairs so that there was every chance that the theory of 
increased density masking fatigue (Galea et al, 2011) could be explained.  
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 The equipment was removed on completion of the trial evacuation and the 
data transferred into an electronic folder ready for analysis. See Chapter 7 for the 
results. 
 
4.4.6 Building M6: PDSA Cycle 3 – IPAQ – 34 storeys, Sydney,   
Australia. 
 
Building Particulars and Designated Stair System (Sequential 
Evacuation)  
 Building M6 comprises a 34 storey office building with a total of three fire 
stairs. These stairs all discharge to the outside via a series of long fire isolated 
corridors requiring occupants to firstly descend into a basement area in some cases 
and then to climb again to street level where the system finally discharges.  
 The typical floor plans for all levels up to level 19 are shown in Figure 4 46 
to Figure 4-47 and the upper levels in Figure 4-48 to Figure 4-49 There are three 
stairs each of which are designated stairs for evacuations along with the sequence of 
entry. The designations are: 
 
? Stair 1 - Levels 5, 8, 11, 14, 17, 20, 22, 24, 26, 28, 30 and 32. 
? Stair 2 – Levels 6, 9, 12, 15, 18, 21, 23, 25, 27, 29, and 31 
? Stair 3 – Levels 7, 10, 13, 16 and 19. 
 
The alarm sequences are: 
 
? First phase: Levels 5-7 
? Second phase: Levels 8-10 
? Third phase: Levels 11-13 
? Fourth phase: Levels 14-16 
? Fifth phase: Levels 17-19 
? Sixth phase: Levels 20, 21, 31 and 32 
? Seventh phase: Levels 22, 23, 29 and 30. 
? Eighth phase: Levels 24-27 
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? Final phase: Levels 28. 
? Stair entry intervals of approximately 10 minutes depending on clearance 
 times from other floors. 
  
 The stairs have two intermediate landings with four turns per storey. The 
number of steps per flight varies and details of the various configurations can be seen 
in Figure 4-50 to Figure 4-52. The treads are 260mm wide and the risers 190mm. 
Each step is delineated by a yellow line set back slightly from the nosing. Otherwise 
there is little contrast and some occupants are concerned about this in that they lose 
sight of the steps when descending the stairs rapidly in a group (Figure 4-52). The 
handrails are also grey. Illumination within each stair generally exceeds 50 lux and 
emergency lighting is provided. 
 The clear width of the stairs exceeds 1000mm and, although stair two is the 
only one that appears to have a space for resting (recessed entry door), people were 
observed resting in stairs one and three without holding up the other occupants.  
 
Summary of trial evacuation for M6  
 Building M6 is occupied at present by a single corporate tenant being a 
Banking Corporation. The tenant has an extremely strong commitment to workplace 
health and safety and holds regular trial evacuation drills with the full participation 
and co-operation of the NSW Fire Brigades. It should be noted that there is a 
recorded falling incidence for this building where the reported symptom was Vertigo. 
This incident was reported at the debriefing session and information was also 
gathered by the author from the intercommunication panel during the exercise.  
 The trial evacuation that was observed was held up initially via the 
activation of a smoke detector on Level 8 approximately 10 minutes before the 
commencement of the exercise. The evacuation strategy was satisfied via a phased or 
sequential evacuation sequence as described above and summarised in Table 4-1. 
This table should also be read in conjunction with the notes in Appendix A4 re the 
method used to co-ordinate and establish the real time time-line for the entire 
exercise. 
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 This building was quite complex to set up for the gathering of data from 
observers and video cameras because of the height of the building and the number of 
stairs. Stairs 1 and 2, seeing they connected all 34 floors, were covered by 
camcorders at the rate of one every four floors. Stair three only connected 19 levels 
so that this stair was covered by five digital cameras operating on the video function. 
Data gathering from this stair was also supplemented via the use of additional 
observers. Observers in stairs 1 and 2 were located on every five floors starting on 
level 32 for Stair 2 and Level 31 for Stair 1. The full set up is summarised in 
Appendix A4.  
 The camcorder mountings were fixed in position the day before the 
evacuation as indicated using the new bracket system. The camcorders were fixed to 
the brackets some 30 minutes before the evacuation and switched on 5 minutes 
before the first alarm. The digital memory cards used with the camcorders had a 
capacity of some 90 minutes but in some instances this was insufficient. This did not 
prove to be a problem seeing the bulk of the problem was in stair three where the 
observer recorded data filled in the data gaps. The observers were fully briefed in the 
lobby before the evacuation and special attention was given to the potential problem 
with the camera capacity in stair three. 
 The author was located in the main incident control room with the chief 
warden and the communications officer. Table 4-1 was prepared from the recorded 
message analysis of the evacuation control panel. This was used as one of the main 
tools to reconstruct the stair descent chart together with CD’s of the CCTV 
recordings of the flow in each one of the stairs at level 5.  
 It should also be noted that there was an additional incident where an 
occupant was unable to complete the exercise and was switched to the emergency lift 
where they were helped out by the Fire Brigade.  
 The equipment was removed from the building immediately after the drill 
and the data transferred to an electronic folder ready for analysis.  
 The results are presented in Chapter 7. 
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Figure 4 46: Typical floor plans for Low Rise Portion of M6 
 
Figure 4-47: Midrise portion of Building M6 
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Figure 4-48: Change over mid to high rise Building M6 
 
 
 
 
Figure 4-49: Typical floor plan of high rise portion of Building M6 
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Figure 4-50: Detailed Plans Stairs 1 and 3 – Building M6 – See Part Section 
  
 
Figure 4-51: Stair 2 and Typical Section Stairs 1-3 for Building M6 
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Figure 4-52-Internal View of Stair Two 
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 See summary of tape from general debriefing session. 
Floor 
Number 
Designated 
Stair No. 
Mobility 
Impaired 
Refusals Alert 
Tone 
Evacuation 
Tone 
Flr Clear 
Warden 
Floor cleared        
Fire Brigade 
Comments 
1  1 0 n/r n/r 10.31 10.35 n/r =  not required/ evacuated before upper levels 
2  1 0 n/r n/r 10.37 10.44 n/r =  not required/evacuated before upper levels 
3  0 0 n/r n/r 10.38 10.38 n/r =  not required/evacuated before upper levels 
4  4 0 n/r n/r 10.28 10.28 n/r =  not required Level 4 was treated as fire floor  
5 1 2 0 10.38 10.41 10.43 10.41 1 person found in central stairs on level 5 having wandered 
down from level 24 suffering from vertigo 
6 2 1 0 10.38 10.41 10.46 10.51  
7 3 1 0 10.38 10.41 10.44 10.51  
8 1 6 0 10.46 10.49 10.52 10.57  
9 2 1 2 10.46 10.49 10.54 11.01  
10 3 7 0 10.46 10.49 10.57 11.03  
11 1 2 0 10.58 10.59 11.05 11.06  
12 2 6 4 10.58 10.59 11.10 11.15  
13 3 7 0 10.58 10.59 11.06 11.15 1 person classified as MIP after vomiting in disabled WC 
14 1 2 1 11.07 11.09 11.17 11.21  
15 2 1 0 11.07 11.09 11.13 11.21  
16 3 6 0 11.07 11.09 11.12 11.21  
17 1 1 0 11.13 11.14 11.22 11.33  
18 2 6 0 11.13 11.14 11.19 11.24  
19 3 1 0 11.13 11.14 11.20 11.24  
20 1 11 0 11.21 11.25 11.30 11.30  
21 2 0 0 11.21 11.25 11.29 11.29  
22 1 0 0 11.31 11.32 11.35 11.35  
23 2 0 0 11.31 11.32 11.54 11.54  
24 1 10 0 11.40 11.41 11.49 11.49  
25 2 4 0 11.40 11.41 11.51 11.51  
26 1 9 0 11.40 11.41 11.57 11.57  
27 2 4 0 11.40 11.41 11.50 11.55  
28 1 2 0 11.46 11.48 11.57 11.37  
29 2 4 0 11.31 11.32 11.43 11.45  
30 1 2 1 11.31 11.32 11.38 11.38  
31 2 10 0 11.23 11.25 11.35 11.35  
32 1 2 0 11.23 11.25 11.31 11.37   
 Table 4-1: Evacuation and Alarm Sequence Building M6 
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4.5 Summary and Conclusion 
4.5.1    Building selection and details 
Exploratory Case Study 
 The building details were described for Buildings 1-8 of the 
Exploratory case study by means of external elevations and text. The buildings 
ranged in height from 7 storeys to 45 storeys with the average height being 21 
storeys. The evacuation strategies varied between controlled and uncontrolled. 
Height did not appear to determine this strategy as can be seen from the 
sequential strategies used in Building 1 of thirteen storeys uncontrolled strategy 
used in Building 3 of 34 storeys. Each of the buildings had two stairs and in 
general terms they were supplied with lighting at the landings. Attempts were 
made to re-access the buildings but this was not possible seeing some of the 
buildings had been extensively altered or permission was not granted. Buildings 
3 and 7 were available and also had not been significantly altered. The stairwells 
were re-measured and templates completed. It was decided to demonstrate that 
these buildings were representative of the eight buildings in terms of their detail 
and evacuation strategies so that they could be integrated with the 2008-2010 
case study in part as exemplar buildings in order to complete the longitudinal 
study132 and also provide additional data for the factor analysis of stair design 
and environmental data as well as comparing trends from similar survey data. 
2008-2010 Case Study 
 The building details for buildings M1 to M6 are described using floor 
plans and elevations (where available) together with detailed plans of the 
stairwells and stairs together with additional visual images where the taking of 
photographs was permitted. The range of buildings selected was similar to that of 
                                                 
132 Trends in impact of the contextual issues were compared with the equivalent ones from the 
2008-2010 case study in Chapter 7. 
     238
the Exploratory case study so as to provide a similar range of extrinsic data. The 
height of the buildings varied from building M1 of ten storeys to M2/M6 which 
were in excess of thirty storeys. Given that one of the main outcomes of the 
Exploratory case study was an estimated descent performance limit or functional 
capacity of 25 storeys the average height of buildings M1-M6 needed to be 
similar so as to achieve a suitable distribution of distances to be traversed by the 
participants in the 2008-2010 trial evacuations. The average height was found to 
be 24 storeys. Seeing it was anticipated that the performance of 50% of the 
population would most likely decrease because of the increase in the number of 
functional limitations and the reduction in the level of fitness suggested by Pauls, 
Fruin and Zupan (2007) the selection was deemed to be satisfactory. None of the 
buildings examined had lifts that were suitable for occupant evacuation other 
than the emergency lifts that could be used by the firefighters to assist occupants 
who were unable to use the stairs. Building M6 was an example of where the 
evacuation planning incorporated the fire brigade assistance into their strategy.   
4.5.2 Analysis and Results of trial evacuations 
             The results of the trial evacuations are presented in the Chapters 5-8.as 
follows: 
? Exploratory case study data and considerations for comparison with 
 2008-2010 Case Study – Chapter 5 
? 2008-2010 Delphi Group, Focus Group and Content Analysis Results – 
 Chapter 6 
? 2008 -2010 Main Case Study survey, observation and stair environment 
 assessment plus triangulation schedules. 
 
The results are presented with sections comprising discussions and summarised 
into findings in Chapter 8. 
 
     239
A STUDY OF THE PERFORMANCE OF 
OFFICE WORKERS DESCENDING MULTIPLE 
FLIGHTS OF STAIRS IN HIGH RISE OFFICE 
BUILDINGS IN TRIAL EVACUATIONS 
 
 
 
 
HAMISH A/ MACLENNAN 
 
 
 
 
 
 
 
 
 
Volume II of II 
 
 
 
 
 
 
 
Ph.D. Thesis       2013 
 
 
 
     240
A STUDY OF THE PERFORMANCE OF 
OFFICE WORKERS DESCENDING MULTIPLE 
FLIGHTS OF STAIRS IN HIGH RISE OFFICE 
BUILDINGS IN TRIAL EVACUATIONS 
 
 
 
 
Thesis submitted as partial fulfilment of Doctor of Philosophy 
University of Salford 
School of the Built Environment 
 
 
Prepared by: 
Hamish A.MacLennan 
 
 
VOLUME II : 
Results, Discussion, Conclusions and References 
 
Chapters 5 - 9 
 
 
 
2013 
 241
Chapter 5: The Exploratory Case Study 
5.1   Introduction 
   This PhD Study comprises two integrated Case Studies. The first is 
known as the Exploratory Case Study and the second as the 2008-2010 Case 
Study. The component parts are outlined in Figure 5-1 below: 
 
Figure 5-1: Relationship of Exploratory Case Study (Chapter 5) with main 2008-2010 Case 
Study presented in Chapters 6 and 7. 
 The Exploratory Case Study is an analysis of the data from a similar 
study of high rise office building evacuations by the author during the 1980’s133 
                                                 
133 The 1980 research project produced a set of data which will now be referred to as the “1980 
Data-set”.  
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as described in Chapters 3 and 4. The purpose of this Exploratory Case Study is 
to: 
 
?    To study individual performance in the descent of multiple flights of 
 stairs in trial evacuations of high rise office buildings for comparison 
 with the same task in the 2008-2010 case study134  
?    Highlight the intrinsic and extrinsic factors in the 1980’s that formed          
 the context of the Aim. 
?    Compare the Exploratory Case Study Outcomes with equivalent ones 
 from the main 2008-2010 Case Study in Chapter 7 so as to be able to 
 challenge or confirm the assertions of Pauls et al (2007) that the 
 assumed changes in the characteristics of the general population require 
 further changes in the design, use, care and management of high rise 
 office building stairs and evacuation systems.135 
 
 Before proceeding any further, it is necessary to briefly define the scope 
of the 2008-2010 Case Study as shown in Figure 5-1. The 2008-2010 Case Study 
comprises the study of trial evacuations in six high rise office buildings (Building 
M1-M6)136 as described in Chapter 4 using the methodology described in 
Chapter 3. The first part137 of the 2008-2010 Case Study comprises: 
 
                                                 
134 In order to verify the claims of Pauls, Fruin and Zupan (2007) re the changed intrinsic 
characteristics of the general population 
135 Considered as longitudinal in the semse of the comparison of cases in terms of patterns (Hak 
and Dul, 2009) and also the entire PhD Study compares the performance of separate office 
populations so that generalisations can be made (Yin, 2009) 
136  Results for PDSA Cycles 1-3 (Buildings M1-M6) are presented in Chapter 7. 
137 Results for Delphi Group, Content Analysis and Focus Group Studies are presented in Chapter 
6. 
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?    Delphi Group consideration of the make up of which intrinsic and   
 extrinsic factors they consider to be critical in the descent of high rise 
 office building stairs and how occupant or individual performance can 
 be predicted within this context. 
?  Content Analysis of occupant accounts of critical evacuation incidents 
 to establish an inclusive occupant perspective as secondary data to 
 further explain the context and impact of some of some of the extrinsic 
 factors. 
?  Focus Group considerations of the make up of the contextual factors 
 
 Seeing a pluralist research method (Amaratunga et al, 2002) is being 
adopted for this case study the framework for the analysis is formulated by the 
Delphi and Focus Groups so that the results from the study of the trial 
evacuations in each one of the Plan-Do-Study-Act Cycles (PDSA) can be 
enhanced and further explained. The overall process together with where the 
component parts can be found is shown above in Figure 5-1. The Exploratory 
Case Study results are presented in this Chapter as a further analysis of some of 
the results from the 1980 Data-set. The findings will be summarised and 
presented on an Ishikawa Chart as this was the model used to interrogate the 
literature in Chapter 2. The outcome will be used to challenge and/or explain the 
findings from Chapter 6. 
 
5.2   The Exploratory Case Study and the 1980 Data-set. 
5.2.1 Limitations of the Exploratory Case Study for Analysis of        
 Results. 
 One of the triggers for this PhD Case Study was the assertions made by 
Pauls et al (2007) that the fitness and health of building occupants have changed 
since the 1980’s. The data from the author’s 1980 evacuation research project 
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has never been fully analysed and the results published138. These data are known 
as the 1980 Data-set. An analysis of this Data-set comprises the Exploratory 
Case Study as explained in the previous section.  
 
 The 1980 Data-set is only available in hard copy form (SPSS V2-1) so 
that the Exploratory Case Study Analysis is limited by these data. Coded survey 
responses were stored on magnetic tapes and these are no longer available. 
Responses coded by age, gender and BMI are not available. This imposes severe 
limitations on the outcome of the Exploratory Case Study. The hard-copy output 
was associated with a sample size of 780 occupants spread over eight buildings 
as described in Chapter 4.  
 In order to compensate for these limitations the Exploratory Case Study 
was expanded to include another similar study involving Pauls (1977) carried out 
by Beck (1977) for Health and Welfare Canada. The latter comprises three high 
rise office buildings. Although the Canadian Study (Beck 1977) did not deal 
directly with trial evacuations in the three Ottawa buildings surveyed it is a 
comparison between a set of office buildings utilising an approach where the 
main unit of analysis was the occupants. Such an approach is analogous to the 
case study approach as argued by Yin (2009). The statistical analysis was further 
enhanced by observation and expert opinion which resembles the pluralist 
approach often used in studies of human factors in the built environment 
(Amaratunga et al, 2002).  
 The limitations of the 1980 Data-set on the Exploratory Case Study will 
therefore be compared with the output from the Canadian Study (Beck, 1977) 
seeing similar research methods and buildings were used. Other similarities 
between the 1980 Data-set and the Canadian Study that support its inclusion are: 
                                                 
138 The project was terminated due to the lack of resources and funding. All the survey data had 
been completed but had not been triangulated with the observations. Evidence of the studies may 
be found in MacLennan et al (1999) and Pauls (1985). 
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?  Similar ageing rates of Canadian and Australian populations at the time 
 (Rowland, 1991). 
?  Similar extrinsic factors associated with the buildings (stairwell 
 construction, and management). 
?  The study was led by Pauls (1974) who was also a member of the 1980 
 Study Expert Group. The 1980 Study was based on it so that the cases 
 within the Beck Study (1977) can be compared using the pattern 
 matching technique (Hak and Dul, 2009)  
5.2.2   The 1980 Data-set 
 A sample output sheet from one of the runs on the original Amdahl 470 
mainframe computer in 1986 is included below as evidence of the source of the 
data for the Exploratory Case Study.  
 
 
 
 
 
 
 
 
 The SPSS V2-1 output was 
rigorously interrogated using the same method proposed for the Canadian Study. 
The data from the 1980 Data-set was coded under the following headings based 
on the schedules presented in the Data-set prior to being regrouped in accordance 
with the classifications suggested by the Delphi Group in Chapter 6: 
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?  Extrinsic 1 - stair environment and location 
?  Extrinsic 2 – stairs  
?  Extrinsic 3 – handrails, lighting and maintenance 
?  Extrinsic 4 - density - others 
?  Extrinsic 5 - delays – others 
?  Extrinsic 6 - group formation 
?  Intrinsic 1 – confidence 
?  Intrinsic 2 – ability 
?  Intrinsic 3 – fatigue and distance – preliminary analysis of Thesis Aim 
 as stated in Chapter 1. 
 
 The above data is presented for all eight buildings (described in Chapter 
4). This data is analysed in such a way that two exemplar buildings can be 
selected as being representative of the 1980 Data-set and will form the output 
from the Exploratory Case Study. The comparison with the results from the 
2008-2010 Case Study may be found in Chapter 7. 
5.2.3  Structure of Exploratory Case Study 
 The Exploratory Case Study Results are presented in parts: 
 
?  Part One: Content Analysis of 1977 Health and Welfare Canada. 
?  Part Two: Restructure and Analysis of the 1980 Data-set.139 
?  Conclusions for Chapter 5 
 
                                                 
139 Analysed separately and then compared together – summarised in an Ishikawa Chart  
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5.3 Part One: Content Analysis of 1977 Health and Welfare 
Canada Study 
    An analysis was carried out of a report and statistics prepared by Beck 
(1977) for Health and Welfare Canada. Three of the five buildings presented in 
this report were selected because of their similarity to the eight buildings in the 
1980 Data-set. The three buildings are high rise office buildings in Ottawa and 
the findings from the Canadian Study were presented in two tables (Table 5-1 
and Table 5-2. The tables are provided from the original documents. 
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.Extrinsic Element Jeanne Mance Concord Lasalle 2 
No. Storeys 21 10 5 
Clear Width of Stairs 881mm 907mm 1186mm 
Stair Pitch 
Measured: 
Level of significance for 
occupants: 
 
370 
OK: Moderate 
significance (p<.05) 
 
360 
No comment Moderate 
significance (p<.05) 
 
350 
Not significant 
Moderate significance 
(p<.05) 
Tread /Going 
Measured: 
Mean foot size: 
 
267mm 
300mm 
 
267mm 
300mm 
 
280mm 
300mm 
Riser 
Measured: 
Trip hazard: 
Comments: 
 
178mm 
50X50 overhang 
Trip hazard 
 
190mm 
25X25 overhang  
Acceptable: D1/AS1 
 
190mm 
Open 
Trip hazard – D1/AS1 
Handrail 
Height: 
Graspability: 
 
1067mm 
OK – moderately 
significant (p<.05) 
 
1067mm 
Poor – moderately 
significant (p<.05) 
 
1067mm 
OK – moderately 
significant (p<.05) 
Lighting / Visibility OK – highly significant 
(p<.001) 
Yes but poor 
illumination - – highly 
significant (p<.001) 
OK as fluro. 
Supplemented by 
natural light – highly 
significant (p<.001)  
Distraction No comment and not 
significant 
No comment and not 
significant 
No comment and not 
significant 
Conspicuity/ Legibility OK but not significant 
as p=.08 
No contrast but not 
significant as p=.08 
No comment but not 
significant as p=.08 
Ventilation OK – highly significant 
(p<.001) 
Not satisfactory – highly 
significant (p<.001) 
OK – highly significant 
(p<.001) 
Maintenance No comment – highly 
significant (p<.001)t  
Unclean – highly 
significant (p<.001) 
Clean- highly significant 
(p<.001) 
Temperature OK and reasonably 
significant (p<.01) 
Too hot and cold - 
reasonably significant 
(p<.01) 
No comment - 
reasonably significant 
(p<.01)  
“Locked in”140 No - highly significant 
(p<.001) 
Yes - highly significant 
(p<.001) 
No comment - highly 
significant (p<.001) 
General safety No signage but not 
significant as p=.08 
Yes concerned - but not 
significant as p=.08 
Yes concerned - but not 
significant as p=.08 
Orientation and 
knowing location 
No signage - moderately 
significant (p<.05) 
No view of floor or 
signage - moderately 
significant (p<.05) 
Could locate floors 
through door viewing 
panel and signage - 
moderately significant 
(p<.05) 
Source: Beck, R.J., (1977), Health Impacts of the Use, Evaluation and Design of Stairways in Office Buildings, Health 
and Welfare Canada, Health Programs Branch, Health Consultants Directorate, Health Facilities Design.       :  
 
Table 5-1: Interaction of Occupants with Extrinsic Stair Variables -Beck (1977) 
 
                                                 
140 Can trigger agoraphobia (NCBI, 2012) which in turn can lead to visually induced postural 
sway (Redfern et al, 2007)  
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Intrinsic Elements Frequency (%age) Comments 
Age   
18-30 58.6  
31-40 21.8  
41 plus 19.6 This percentage has increased 
in the general population since 
1977. It is over 44% in NZ in 
2007 (Wilson et al (2007) 
Gender   
Male 49.25  
Female  50.75  
Fitness attitude   
(5) very conscious 
(4) conscious but only walk 
(3) somewhat conscious but 
most likely lazy 
(2) conscious and no action 
(1) no answer 
(5) = 39.8 
(4) = 44.8 
 
(3) = 12.7 
 
(2) = 2.5 
 
(1) = 0.2 
In the sample 29.8% reported 
they were involved with a 
government fitness 
programme. 
Reasons for not using 
stairs 
 48,5% excluded themselves 
from normal stair use 
(intercommunication) 
Health conditions including 
physical impairment, reduced 
vision and other 
4.0  
Vertigo and dizziness 2.7  
Fear of falling 1.5 2.5% of the population 
surveyed had fallen and hurt 
themselves. A further 11% had 
stumbled. 
Stairs unpleasant 8.2 Much of this is attributed to 
the stair environment and 
could be remedied by 
Management 
Job does not permit it 15.4  
Takes too long 7.2  
Don’t know 7.6  
Source: Beck, R.J., (1977), Health Impacts of the Use, Evaluation and Design of Stairways in Office Buildings, Health 
and Welfare Canada, Health Programs Branch, Health Consultants Directorate, Health Facilities Design. 
Table 5-2: Intrinsic Factors from 1977 Canadian Study 
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 The two exemplar buildings that will be selected from the analysis of 
the 1980 Data-set in the next section are Buildings 3 and 7 as explained in 
Chapter 4. The slope of the stairs in Table 5-1 for the three buildings from the 
content analysis of the Canadian Study is similar but the treads are slightly wider 
(6.4%) thereby decreasing the toe overhang from 50mm to 33mm. A 50mm toe 
overhang (250mm tread) is unacceptable as it usually precludes the occupant 
from facing “front on” in the direction of descent (Roys, 2006) increasing the 
risk of falling. 
   The height of the handrail is 202mm higher than the minimum 865mm 
in the Australian Codes of the day and yet the next section will show that this 
height did not affect the responses extracted from the 1980 Data-set. 
   Two significant psychological factors show up in Table 5-1 and that is 
the fear of being locked in (NCBI. 2012) (p<.001) and the resulting moderate 
significance (p<.05) of wayfinding and signage. Management can deal with both 
of these issues. They should also be concerned with the cleanliness and 
maintenance of the stairs as highlighted in Table 5-1. These aspects are of 
concern to the occupants (p<.001) as compared with general level of safety 
which was not significant to the occupants (p<.08). The possible impact of the 
above factors is that they may have deterred the occupants from using the stairs 
for intercommunication which constitutes additional exercise. 
   Table 5-2 shows that 19.2% is similar for the 40+ age group to that of the 
1980 Study (Rowland, 1991), so that comparisons can be made. The same can be 
said for gender (Rowland, 1991). The response in Table 5-2 unfortunately is 
aggregated across all three buildings but it does deal with the aspect of fitness. 
Given that 80.4% of the sample was below 40 years of age the anticipated level 
of fitness is not reflected in that only 39.8% of the sample was “conscious of 
fitness” and only 29.8% were enrolled in a government approved fitness 
programme. This means that 10% were enrolled in private programmes, 
undertaking a structured exercise programme or believe that an intense walking 
programme qualifies. A further 44.8% did do some form of walking and were 
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somewhat conscious of fitness.  48.5% of the respondents excluded themselves 
from using the stairs due to the following: 
 
?  8.2% said the stairs were unpleasant. 
?  15.2% said that their job prevented them from using the stairs i.e. Time 
 lost in negotiating the stairs as well as restrictions from management. 
 
 Fitness is stair use (Pauls et al, 2007) and it is important to include it in 
the analysis of the 1977 Canadian Study as the data from the 1980 Data-set did 
not specifically include it. Following on from the above a profile of the 
functional limitations of the respondents that excluded them from using the stairs 
(Table 11) is outlined below:  
 
?  4% due to health conditions including limited mobility, reduced vision, 
 and other as compared with 10.2% in Table for the exemplar 
 buildings in Part Two of the Exploratory Case Study  
?  2.7% due to vertigo and dizziness compared with 2.7% in Table 5-3
 for  the exemplar buildings in Part Two of the Exploratory Case 
 Study. 
?  1.5% due to fear of falling (Table 5-3). No comparison was made in 
 this  regard as balance may be synonymous with vertigo and dizziness. 
?  1.9% for general fatigue as compared with 3% on average for the 
 exemplar buildings in the 1980 Study excluding the “slight’ responses  
 (Table 5-3) 
 
 In order to view these data in context Rowland (1991) shows that in 
Australia in 1981 6.32% of the population (all age groups) had some kind of 
impairment that would have most likely excluded them from the use of stairs.  
The 10.2% for “Part Two” of the Exploratory Case Study exemplar buildings in 
 252
Table 5-3 could therefore be considered to be reasonably significant except that 
this is not reflected in other results that are discussed in the next section. 
 
INDIVIDUAL
Age
Gender
Health Conditions incl. fear of 
falling.
Fitness attitude
Stair use – fitness and building 
knowledge
OTHERS
No data available 
from the original 
report. (Beck, 1977)
STAIRS
Pitch*
Handrail graspability and 
height*
Lighting***
Ventilation***
Orientation and 
signage***
MANAGEMENT
Ventilation and lighting 
levels***
Cleanliness***
Risk of entrapment (locked 
in)***
Management is seen as 
forming part of an 
organisation’s OH&S 
planning (hazard prevention)  
*p<.05 is moderately significant; **p<.01 is reasonably significant and ***p<.001 is highly 
significant. Taken from Chi Squared analysis.  
Figure 5-2: Ishikawa Chart Summary of Results of Content Analysis of 1977 Study. 
 
 Figure 5-2 above summarises the results for the Canadian Study (Beck, 
1977) via the Ishikawa Chart Model that was used to interrogate the literature in 
Chapter 2. Each branch of the Chart has been populated with the findings 
summarised above and set out in Table 5-1 and Table 5-2. The main difference 
with the spine and the intent of the Canadian Study to that from the Delphi 
Group described in Chapter 6 is that the Aim of the Canadian Study was whether 
or not the occupants of the three Ottawa office buildings were “prepared to use 
the stairs”. This cannot be confirmed for certain as the data does not define the 
significance of the relationship between fitness and “preparedness to use the 
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stairs”. This relationship certainly underpins the PhD Study Aim and Objectives 
as well as the misgivings raised by Pauls et al (2007) in the application of data 
gathered during the 1960’s and 1970’s to current evacuation and stair use studies.  
The analysis of the Canadian Study therefore provides significant results to 
compare with the results of the analysis of the 1980 Study presented below in the 
next section. 
 
5.4 Part Two of the Exploratory Case Study – Restructure 
 and  Analysis of data from the 1980 Data-set. 
 The tables from the original SPSS V2-1 hard copy have been 
restructured for ease of pattern matching as follows: 
 
?  Where the scale is “Strongly Agree – Agree – Neutral – Disagree – 
 Strongly Disagree” the scale is condensed to “Agree – Neutral – 
 Disagree”  
?  Where the scale is “An extreme degree – very much – moderate – slight 
– not at all” the scale is condensed to “extreme/moderate – slight – not at 
 all” 
 
 The results of the Content Analysis presented in Table 5-3 (over page) 
will be discussed under each group of factors (in Section 5.2.2).
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Factor / Core 
Consistency 
Variable Building 1: 13 (121) Building 2: 17† 
114)∞ 
Building 3: 33† (150)∞ Building 4: 45† 
(92) ∞ 
Building 5: 7† (32) ∞ Building 6: 19† (46) 
∞          
Building 7: 20† (95) 
∞ 
Building 8: 19† (54) 
∞ 
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Extrinsic 1 Stair easy to find 86.8 3.3 9.9 92.9 3.3 3.5 95.3 3.3 1.3 95.
6 
2.2 2.2 98.8 0 1.2 91.3 6.5 2.2 94.7 3.2 2.1 94.1 2.4 3.6 
 Stair was too hot 9.4 23.9 66.7 24.7 31.2 43.7 10.0 33.3 56.7 16.
2 
30.1 53.8 3.7 37.5 58.7 0.0 20.0 80.0 10.5 34.7 54.7 11.9 26.2 61.9 
 Time in stairs too 
long 
32.5 23.3 44.2 41.6 25.7 32.8 22.4 27.2 48.6 22.
1 
29.7 47.3 17.3 17.3 65.4 20.0 26.7 53.3 31.9 28.7 39.4 32.2 29.8 38.0 
Extrinsic 2 Stairs too steep 19.0 22.3 58.7 12.6 32.4 55.0 7.4 25.3 67.4 5.4 23.9 70.7 4.9 23.7 71.3 4.4 15.6 80.0 5.3 22.1 72.6 21.7 24.1 54.2 
 Apprehension about 
safe footing on small 
treads 
18.1 20.5 61.4 12.5 31.3 56.3 11.7 20.5 67.8 16.
3 
20.7 63.0 7.3 13.6 79.1 9.3 20.9 69.8 9.3 18.8 71.9 13.4 22.5 58.7 
 Steps too slippery 18.5 16.0 65.5 6.3 18.9 74.8 2.0 15.3 82.7 2.2 10.8 87.0 3.5 16.0 80.3 0.0 15.2 84.8 3.2 13.7 83.1 7.2 15.4 87.4 
Extrinsic 3 Used handrail in 
descent 
30.6 21.5 47.9 31.6 17.5 50.9 20.4 19.0 50.6 72.
1 
14.0 14.0 28.4 23.5 48.1 32.5 9.3 58.2 23.7 20.4 55.9 24.4 23.1 52.5 
 Handrail awkward to 
use 
NA NA NA 9.1 30.0 60.9 17.7 22.1 60.2 8.7 14.0 77.3 6.2 18.5 71.3 8.7 10.9 80.4 10.6 17.9 71.5 4.9 23.2 71.9 
 Stair lighting 
inadequate 
14.9 20.7 64.4 4.5 21.6 73.9 2.0 10.8 87.2 6.5 9.8 83.7 5.0 14.8 80.2 2.2 15.2 82.6 5.4 14.9 79.7 8.4 9.5 82.1 
 Maintenance is 
inadequate 
21.5 34.7 33.8 25.2 41.4 33.4 15.3 32 52.7 17.
2 
29.0 51.8 13.9 34.2 51.9 2.2 35.6 62.2 14.1 32.6 53.3 28.6 25.0 46.4 
Extrinsic 4 Stair was 
uncomfortably 
crowded 
18.1 18.2 63.6 13.7 26.4 49.9 15.5 22.7 61.0 4.4 15.2 80.4 8.6 18.5 72.7 8.7 15.2 76.1 16.9 20.0 63.1 16.0 19.0 65.0 
 Stair was not wide 
enough 
25.6 14.9 59.5 29.7 21.6 48.7 19.7 17.1 66.2 17.
3 
17.2 65.5 10.1 11.4 78.5 8.7 13.0 78.3 24.3 18.9 56.8 20.2 17.9 61.9 
Extrinsic 5 Delay due to slow 
movers in group 
18.9 23.8 57.4 37.9 23.9 37.2 24.0 38.0 38.0 16.
1 
23.7 60.2 10.7 23.7 65.6 15.2 21.7 63.1 31.6 27.4 41.1 13.4 28.0 58.6 
Extrinsic 6 Entered stairs with a 
group 
34.4 12.3 53.3 57.0 14.9 28.1 52.5 21.8 25.7 44.
4 
18.9 36.8 31.2 22.5 46.3 46.3 9.5 45.2 33.7 20.0 46.3 42.5 15.0 42.5 
 You knew the others 
close to you in the 
stairs 
72.4 13.3 14.3 88.9 7.9 13.2 78.3 10.9 10.8 76.
1 
13.0 10.9 75.4 17.1 8.5 66.6 16.7 16.7 67.4 14.7 17.9 73.7 15.0 11.3 
Intrinsic 1 Apprehension about 
personal safety 
14.0 28.7 57.3 11.6 30.4 58.0 5.5 19.5 75.0 15.
1 
26.8 58.1 6.9 10.1 85.0 16.4 16.3 67.3 11.5 22.9 65.6 17.4 20.0 62.6 
Intrinsic 2 Weakness/pain in 
knees 
5.7 7.4 86.9 17.0 22.3 60.7 10.2 23.8 66.0 21.
5 
39.8 38.7 3.7 3.7 92.6 16.3 14.0 69.7 3.1 10.4 86.5 12.4 8.7 78.9 
 Discomfort in chest 3.3 3.3 93.4 0.0 5.4 94.6 1.4 6.8 91.8 3.3 4.3 92.4 1.2 2.5 96.3 0.0 4.7 95.3 2.0 2.1 95.9 1.2 3.7 95.1 
 Fatigue generally 3.2 11.5 85.3 4.5 17.1 78.4 2.7 16.2 81.1 5.4 26.9 67.7 2.5 4.9 92.6 0.0 18.5 81.4 3.0 3.2 93.8 5.0 11.2 83.7 
 Dizziness/ balance 3.2 11.5 85.3 4.5 17.1 78.4 2.7 16.2 81.1 5.4 26.9 67.7 2.5 4.9 92.6 0.0 18.5 81.4 3.0 3.2 93.8 5.0 11.2 83.7 
Intrinsic3 Fatigue vs. distance 
traversed # 
R2 = 
0.76* 
REGRESSION SHOWN USING MEASURES FROM BUILDINGS 3, 4 AND 2 – SEE TEXT 
 Denotes Exemplar Building Nos. 3 and 7 – Data for Charts for being moderately significant; * p<.05 # estimate only; † Denotes number of storeys; ∞ denotes number in sample =N 
Table 5-3: Table of Frequencies for Part Two of Exploratory Case Study (assembled from 1980 Data-set) 
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5.4.1   Extrinsic One: Stair Environment and Location 
 Knowledge about the location of the fire stairs in high rise office 
buildings does not necessarily imply that occupants have used and are familiar 
with the stairs and stairwells. The data confirmed this via responses that in many 
instances the fire wardens forming part of the building’s emergency control 
organisation141 did direct the occupants to the fire stairs as the pattern is 
reasonably consistent across all eight buildings in terms of the major percentage 
in each building agreeing that the location of the stairs was familiar (N=784). 
This ranged from the lowest for Building 1 of 86.8% to the highest of 98.8% for 
Building 5. The two exemplar buildings (3 and 7) which are highlighted in 
orange in Table 5-3 represent the mean of this range being 95.3% and 94.7% 
respectively142. 
 The analysis of the 1977 Canadian Study (Beck, 1977) raised the issue 
of ventilation to the stairwell. The level of concern of the occupants with this 
issue was found to be highly significant (p<.001). Although it appears that the 
results were aggregated in this instance in Table 5-2 this may not be the case 
because of the large percentage of respondents across all eight buildings who 
adopted a neutral stance. Agreement with the lack of ventilation varies from 0% 
for building six to 24.7% for building two. Respondents who did not have any 
difficulties range from 44% for building two to 79.6% for building eight.  The 
stairs in building five only connected five storeys whilst those in building four 
connected some forty five floors. Response to ventilation rates appear to be 
directly connected to physical exertion and the level of maintenance. It is the 
latter where the significance may match the equivalent results in Table 5-2. Once 
again the two exemplar buildings are representative as they follow the same 
pattern and range of responses. 
                                                 
141 Emergency Control Organisation is a term used in Australian Standard AS 3745-2010. 
142 Justification statement for Exemplar Buildings 3 and 7 being representative in bold italics. 
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 The pattern of responses for the time spent in the stair being too long is 
reasonably consistent ranging from 20% for Building 1 to 41.6% for Building 2 
for those in agreement and from 32.8% for Building 2 to 65.4% for Building 5 
for those who disagreed. Buildings 2 and 5 are two buildings that do not really 
follow the pattern as closely as the others. This can be explained as follows: 
 
? There were delays in going down the stairs in Building 2 according to 
 observation notes attached to the original data-set and this is also 
 confirmed to a reasonable degree by the high proportion of respondents 
 who agreed that there were delays in the stairs (37.9%).  
?  Building 5 only contained some seven storeys and was evacuated in less 
 than 10 minutes which matches the low percentage of respondents who 
 agreed with the time being too long as compared with the majority who 
 disagreed (65.4%). 
 
The two exemplar buildings are representative of the eight taking into account 
that they follow the pattern of responses where there was a greater amount of 
disagreement (39.4-48.6%) than agreement (22.4-31.9%). Further details are 
available in Appendix A5.143 
5.4.2 Extrinsic Two: The Stairs 
    Roys (2006) showed that it was the width of the treads that was the 
critical factor in maintaining a “front-on” stance when going down stairs. Others 
did consider the pitch of the stairs (Startzell, 2000 and Riener et al, 2002). The 
pitch in Buildings 1-7 varied between 350 and 370.The occupants who were 
generally satisfied with this “slope” varied from 54.2% for building eight, to 80% 
for building six . Those who had the opposite view varied from 4.4% for building 
six to 21.7% for building eight. It should be noted that out of all eight buildings 
building six had the lowest pitch. Buildings 3 and 7 each had a pitch of 370 and 
                                                 
143Justification argument for Buildings 2 and 7 being representative are in bold format 
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a similar pattern of responses from agreement to disagreement. They are 
representative of the eight buildings. The only comparative guide here is that 
according to Rowland (1991) 6.3% of the population had some kind of functional 
limitation which generally agrees with the response pattern. It could therefore be 
argued that the pitch is a significant issue generalising from the analysis of the 
Canadian Study (Beck, 1977). The patterns are discussed further in the Appendix 
A5.  
 Returning to the finding of Roys (2006) concerning the width of stair 
treads, the results in Table 5-3 do not appear to correspond with those who were 
not apprehensive about going down stairs with small treads varying from 71.9% 
in building seven to 56.3% in building two. In both instances the width of the 
treads was 250mm. A recent study carried out by the author on outdoor steps in 
the United Kingdom in 2009 of a sample of  stair users (n=690) whose mean age 
was 66.7 years showed the length of the mean male shoe was 300mm 
(MacLennan, 2011). In 1981 the same sample would have had a mean age of 
38.7 years so that a significant percentage of the sample in the 1980 Data-set 
according to Rowland (1991) would have had the same size feet. Those who 
were apprehensive about the small treads varied from 18.8% for building 8 to 
7.3% for building 5. 
 In terms of the response pattern across all eight buildings and even 
including the “slight” response, Buildings 3 and 7 fall well within the range 
and also have 250mm wide treads which would not support a front-on stance 
for 50% of the population as demonstrated above and in the Appendix A5. 
 Slippery stairs144 were shown to be of concern in the Content Analysis 
of the Canadian Study and this was highly significant (see; Table 5-2 p<.001). 
The construction material and riser/tread configuration was exactly the same as 
the Buildings 3 and 7. . The level of maintenance in some buildings was as high 
as 26% and yet this is not reflected in the pattern in Table 5-3 for slippery steps. 
The state of the stair tread surfaces at the time of each trial evacuation for 
                                                 
144 Slippery as ststed in questionnaire response and significant in terms of safe foot placement. 
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buildings one to eight was that they were free of debris and other irregular 
surface materials.  
 Buildings 3 and 7 are suitable as exemplar buildings as they fit within 
the range of responses and follow the same pattern. 
 
5.4.3  Extrinsic Three – Handrails, Lighting and Maintenance 
 The apparent pattern in handrail use varies from 72.1% for building 
four where 50% of the population descended through more than 40 storeys to the 
next of 31.6% for building two which was 17 storeys in height. The stair 
geometry of the two buildings was the same. A possible argument is that a partial 
evacuation was involved in building four so that descent speeds were 
unconstrained. Each of the floors between levels 40 – 45 evacuated in groups 
assembled by the fire wardens on each level before entry. They descended in 
groups so that it is possible that “slow movers” had to speed up to keep up with 
the group as the rear of each group comprised a stair warden who made certain 
the group “stayed” together. The group dynamics were recorded by three 
observers, one of whom was the author who entered from level 45. The speed of 
descent exceeded 0.5m/sec on average. The differences between the exemplar 
buildings and building four can be explained by the distance travelled. It is 
therefore argued that handrails are used for support and as a means of 
maintaining balance and that this is a function of the distance to be travelled and 
the occupant’s functional limitations. If fatigue is included loosely as a functional 
limitation then fitness may be involved as well. There is a strong relationship 
here with the findings from the Content Analysis of the Canadian Study. Once 
again Buildings 3 and 7 can be used as exemplar buildings as the pattern of 
handrail use fits within the range of the eight buildings from agree to disagree 
in Table 5-3. Further details may be found in Appendix A5. 
 
 Figure 5-3 shows a typical handrail detail that would difficult to grasp 
(Roys, 2006; Aldersen, 2010; Templer, 1992 and Archea et al, 1979). 
 259
Respondents as indicated in Table 5-3 who had no problems with the handrail in 
terms of rail section and height varied from 60.9% for building two to 80.4% for 
building six (average across the eight buildings of 70.6%). The contrary view 
varied from 4.9% for building eight to 17.7% for building three with the average 
across all eight buildings being 8.8%.  Given the number of people who actually 
used handrails averaged 32.2% across all eight buildings it would appear 
reasonable to argue that the handrails were considered to be adequate. Given the 
body of evidence available from the research as represented by Alderson (2010) 
handrails will continue to be critical and recommended sections should still be 
adopted. It should be noted here that the Content Analysis of the Canadian Study 
found that the handrail graspability and height were moderately significant 
(p<.05). All the heights were the same being 1067mm and yet the performance 
of the handrails in one of the buildings was poor. This once again was most 
likely due to the level of maintenance, and could represent some of the variation 
for Buildings 3 and 7 shown in Table 5-3. The handrail height in the exemplar 
buildings was less than 900mm and yet the occupants were still basically 
satisfied. The results shown for the exemplar buildings are therefore 
representative of the eight buildings in the follow the pattern of response and 
are close to the mean. 
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Figure 5-3: Typical example of handrails from Buildings 3 and 7 – rectangular profile and 
poor graspability. 
 
 Table 5-1 shows that the level of lighting is a significant factor in safe 
stair climbing (p<.001). The inadequacies expressed in Table 5-3 were most 
likely due to a lack of maintenance as demonstrated by the negative responses for 
cleanliness and ventilation. Table 5-3 shows that the respondents who agreed that 
the lighting was inadequate form a clear pattern varying from 2.2% for building 
six to 14.9% for building one, the average being 6.3%. There appears to be a 
possible link for building one with the level of maintenance seeing Table 5-3 
shows that 21.5% of building one respondents agreed that the maintenance was 
inadequate. The overall level response across all eight buildings for the above is 
18.3%. There is a similar pattern in the responses on the agreement and non 
agreement response pattern between the level of maintenance and the 
performance of the lighting except that there is an increase in the neutral position 
of the respondents of 14.8% for lighting as opposed to 33.2% for maintenance. 
There appears to be a link for building six in that only 2.2% of the respondents 
thought that the level of illumination and the maintenance was unsatisfactory. 
Positive responses varied from 64.4% for building one to 87.2% for building 
three with the overall level being 78.9%. Table 5-1 showing the results of the 
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extrinsic elements in the Canadian Study reveal that two of the buildings had 
adequate lighting and one building did not. The pattern is similar between the 
two studies so that there is no reason for the level of significance not to be as 
well especially when there is a similar pattern with maintenance. This type of 
claim can be made via pattern matching (Hak and Dul, 2009). Buildings 3 and 7 
fit within the above pattern in terms of the range between agreement and 
disagreement. 
 Table 5-3 shows that a significant percentage of respondents from all 
eight buildings adopted a neutral stance on stair maintenance, varying from 25% 
for building eight, to 41.4% for building two. The majority of the respondents 
across the eight buildings thought that the maintenance was adequate with the 
overall position being 48.5% varying from 33.3% for building two to 63.3% for 
building seven. Those who thought that the maintenance was inadequate varied 
from 2.2% for building six to 28.6% for building eight. This shows the same 
pattern as the results of the Content Analysis of the Canadian Study in Table 5-1. 
The link between the lack of maintenance and the poor performance of 
lighting145 is also common between the studies in Sections 5.3 and 5.4. It should 
also be noted that the response pattern for the two exemplar buildings is 
representative. 
 
5.4.4 Extrinsic Four: Density and Others 
 Density as shown in Chapter 2 is represented by “Levels of Service” 
where the density increases between Levels “A” to “F” (Fruin, 1987). People 
need personal space (Fujiyama, 2005) which may be connected with phobias or 
fears as will be shown in the Focus Group Study results in Chapter 6 and is 
discussed in Chapter 2. Occupants can still estimate the stairwell as being 
congested if they are held up by slower movers in front of them in a “platoon” 
                                                 
145 According to survey respondents in each case 
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(Templer, 1992). This scenario was observed extensively in Building 4 with 
sequential groups following each other over a total of 40 levels.  
 In Table 5-3 the overall level of those who did not have an opinion on 
crowding represented 20% of the sample whilst those who thought that the stairs 
were not crowded varied from 50% for building two to 80.4% for building four. 
This agrees with the observer comments for the same building. The mean 
response across all eight buildings was 64.2%. Occupants with a counterview 
varied from 18.2% for building one to 4.4% for building four. Once again the 
response for building four is supported by the observations and the 4.4% may 
quite well have been those with either phobias, requiring additional personal 
space or where they estimated five levels of people descending together as 
representing a crowd. Any “crowding” most likely was attributed to “platooning” 
(Templer, 1992). Occupants from building one did experience delays due to 
deferment behaviour at stair entry points but once again stair entry only occurred 
over a small number of levels due to the large number of car parking levels. 
Group sizes were small as the pattern of stair entry was uncontrolled on each 
level. 
 The pattern in Table 5-3 is representative for the eight buildings varying 
from 62 to 63.2% for buildings three and seven for those who did not think that 
the stairs were crowded and from 15.3% to 16.9% for buildings three and seven 
who had a counter view. In each instance the exemplar building responses were 
slightly in excess of the overall level across all eight buildings. Observer 
comments for building three shows that the building evacuation time was some 
thirty three minutes and was efficient. Any uncomfortable crowding was most 
likely due to the “platooning” (Templer, 1992) caused by deferment merging 
behaviour similar to that observed by Boyce et al (2009).  
 Stair width is seen as being a crucial issue in current research (Peacock 
et al, 2009) especially in terms of having the opportunity to overtake. Templer 
(1992) argues with this on the basis of the space occupied by the group and the 
permeability of that “territory” (Lindskold et al, 1976).Table 5-3 shows between 
11.4% of those respondents on building five to 29.7% of those on building two 
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did not have an opinion one way or another. No data is available for descent 
speeds or the number of slow movers other than where for all eight buildings 
more than 40% of respondents experienced some type of delay. Groups were also 
formed extensively and data is available showing that no overtaking occurred. 
All the stairs across the eight buildings had a clear width in excess of 1000mm 
which is now not considered to be sufficiently wide enough for counter-flow due, 
for example, to fire-fighters. In Table 5-3 those respondents who did not think 
that the stairs were wide enough varied from 8.7% for building six to 29.7% for 
building two. 25.6% and 24.3% agreed for buildings one and seven. The overall 
position across all eight buildings in this regard is 20.7%. Counter-flow due to 
fire fighters did occur in buildings four, one, two and seven. The response for 
building two can be enhanced via counter-flow observations as can building 
seven and one. Seeing there were no over-takers and responses in Table 5-3 show 
that about 48% of respondents across all eight buildings experienced some sort of 
delay, it can be argued that if the stairs had been wider that there would have 
been room for slow movers to rest or faster movers to overtake. The impact of 
groups would be the constraint on this argument.  
 The width of the stairs in the Exploratory case study was 1020mm and 
most people were satisfied with this width. Delays due to counterflows did not 
draw negative responses. This was not the case in the 2008-2010 case study as 
will be shown in Chapter 7. 
  
 The stairs in the exemplar buildings three and seven were 1000mm in 
clear width. 19.7% of respondents for building three and 24.3% of respondents 
for building seven agreed that this measurement was too narrow. The buildings 
are therefore representative including the impact of the counter-flow of fire 
fighters in building seven. 
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5.4.5 Extrinsic Five: Delays and Others 
 Referring to Table 5-3 the number of occupants who did not experience 
any delays was the majority across all eight buildings. The response pattern was 
also similar. There was a slight difference for one of the exemplar buildings 
(No.3) where 38.0% only experienced slight delays and this was the same as for 
those who did not experience any delays. Building 7 shows that 41.1% did not 
experience any delays compared with 27.4% with a slight delay. Delays due to 
others in an occupant’s group varying from slight to an extreme degree vary from 
62.8 % in building two to 35% in building five. The delays due to slow movers in 
groups are significant in terms of frequency. 62.0% of respondents in building 
three experienced some sort of delay due to slow movers in their group and 59% 
in building seven. This shows that delays within groups are significant in terms 
of frequency. The exemplar buildings three and seven involve 36 and 20 storeys 
of evacuation respectively. Table 5-3 does not reveal any set patterns or trends 
based on storey height or distance traversed. Buildings 3 and 7 are therefore 
representative.  
 
5.4.6 Extrinsic Six – Group Formation and Behaviour 
 Group formation and behaviour is crucial to the objectives of the thesis 
set out in Chapter 1 in terms of the formation of groups. A content analysis of a 
study by Dwyer and Flynn (2004) in Chapter 6 shows the extent of group 
formation in the use of stairs for the evacuation of Towers 1 and 2 of the WTC 
9/11 incident. The group is exemplified by a majority behaviour type which is 
altruistic (Fahy and Proulx, 2005). This altruistic behaviour146 also underpins the 
practice of deferment in merging in some instances at stair entry points being one 
of the patterns described by Boyce et al (2009).Table 5-3 shows that more than 
                                                 
146 Altruistic behaviour can be measured by survey and content analysis of emergency incidents 
where people have put others before themselves (Zmud, 2007). It can b compared with the 
frequency of aggressive behaviours such as is demonstrated in the NY Times Study (Parker-
Pope,  
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47% of respondents across all eight buildings made an effort to enter the stairs as 
part of a group. This effort varied from 46.7% in building one to 74.3% in 
building three. The overall position across all eight buildings was 60.6%. This 
result is significant in that it represents nearly two-thirds of the aggregated 
sample (n=770).  
 Buildings three and seven being the exemplar buildings differ by 
about 20% varying from 73.5% for three to 53.7% for seven which is relative to 
the overall position of 60.6%. It is therefore representative for inclusion in the 
2008-2010 Study in Chapter 7.  
 The use of Buildings 3 and 7 as exemplar buildings is further supported 
by the response of those known to the respondents within the stairwell. 91.9% of 
the respondents knew the others around them in the stairs for building three and 
82.1% for building seven with the overall position for all eight buildings being 
87.3% (Table 5-3). The degree of pattern matching across all eight buildings 
confirms that the effort of entering as a group can be generalised for evacuations 
in the 1980’s.  
 
5.4.7 Intrinsic One: Confidence 
 57.4% of the respondents taken across all eight buildings (Table 5-3) 
were reasonably confident with going down the stairs even with predominance of 
narrow treads, slopes of between 350 – 370, and loss of stair conspicuity due to 
the extent of group formation discussed above. This varied from 75% for 
building three to 57.3% for building one. Conversely there were a significant 
percentage of occupants (25% for Building 3 and 42.7% for Building 1 who were 
not so confident. The significance is difficult to argue even with the further 
amount of support provided by the Canadian Study (Beck, 1977) which was 
moderately significant (p>.05). 
 The pattern for the exemplar buildings in Table 5-3 for the above 
moderate level of confidence shows that 25% of the respondents from building 
three and 34.4% from building seven were concerned about their general safety. 
 266
Records of on site assessment reveal steps that were well lit but not really legible 
in terms of the definition of each step. The treads are only 250mm wide and the 
slope of the stairs 370 so that these may contribute to the concern. The two 
exemplar buildings are representative of the eight and also reflect the analysis 
of the results in the previous paragraph. 
 
5.4.8  Intrinsic Two: Functional Limitations 
 The functional limitations dealt with in this section are: 
 
• Musculo-skeletal conditions in the lower leg / knees 
•    Chest or respiratory condition 
•    Fatigue rating 
•    Dizziness and vertigo - stability 
 
 Table 5-3 shows the details. The knee condition appears to worsen as 
the number of storeys traversed increases where density is not a factor. Density 
can mask by reducing the descent speed (Fruin, 1987 and Galea et al, 2008). 
Building 3 is representative of the above but building seven is not. It does still 
fit within the range when compared with Building 2. This can be explained as 
density did reduce the descent speed as reported by observers in this building so 
that the pattern of responses can be affected. See Appendix 5 for further details. 
 Table 5-3 shows that less than 8.2% of respondents experienced some 
sort of discomfort. This falls within the range of impairments presented for that 
period by Rowland (1991) of 6.3%. The impact of distance on chest discomfort 
is somewhat marginal compared with knees (Building 4 is 27% greater in 
distance traversed and a reduction in number of chest complaints). The exemplar 
buildings follow the pattern for the other six buildings with Building 3 being 
8.2% for any type of discomfort (upper range) and similar to Building 4 in terms 
of distance travelled and 4.1% for Building 7 which is similar to Building 6 in 
terms of distance.  
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 Table 5-3 generally shows an increase in fatigue for Building 4 (32.3%) 
as compared with Building 3 which is 18.9%. The latter is similar to Buildings 6 
and 8 which are approximately 13 storeys less in height. A regression analysis of 
available data from the 1980 Study confirms the above analysis where only 60% 
of the variance can be accounted for and that building three has the same level of 
response as those for buildings one, two, six and eight.  
 The Exemplar buildings are therefore reasonably representative 
except for Building 7 which has the characteristics of an outlier relating to 
fatigue. Outlier characteristics relating to fatigue and functional limitations are 
important because they are self reported. This method of collecting health 
condition and fitness data was criticised by the UK Delphi Sub Group so that the 
inclusion of an outlier characteristic in an exemplar building for comparison with 
the 2008-2010 Case Study is still acceptable. A further regression analysis 
relating occupant estimated descent coping ability shows that there is a sudden 
increase in this measure for > 50% of the population generalised across buildings 
2-4 as shown in Figure 5-4 below: 
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Figure 5-4: Estimated Stair Descent Capability – Exploratory Case Study. 
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50% of the population as a response from the trial evacuation estimated147 that 
they could cope with more than 25 storeys. When this is seen in the context of 
the results from Part One of the Exploratory Case Study then it could argued that 
this would be based on the 29.8% of the aggregated sample for that study being 
committed to fitness.  
 Table 5-3 shows that dizziness or vertigo is not accounted for 
significantly by the number of storeys or number of turns or changes in direction. 
32.3% of the respondents in Building 4 a clear 11% increase above the rest of the 
buildings. This is similar to the response for fatigue.  
 The exemplar buildings are representative as they fall within the 
overall response pattern over the eight buildings for most of the health 
conditions/ functional limitations as shown in Table 5-4 below.  
 
 
Table 5-4: Intrinsic functional limitations (Summary for Buildings 3 and 7). 
 The above table shows that the majority of respondents in each of the 
exemplar buildings did not really experience any level of discomfort varying 
from 66% for knees to 91.8% for the chest for building three and 86.5% for the 
knees to 95.8% for the chest for building seven. The pattern is similar for the two 
buildings with the number of storeys making most of the impact on knees (R2 
=.73 as opposed to .50-.60 for the others; p<0.01). A visual presentation of the 
above may be found in Appendix A5. 
                                                 
147 The estimate was a direct response to a set question in the survey questionnaire handed out 
after each trial evacuation and may be found in Appendix A3. The same question was also 
included in all the questionnaires forming part of the same survey after the 2008-2010 case study. 
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5.4.9  Fatigue and distance  
 As stated in Chapter 1 the aim of this thesis is concerned with the 
performance of office workers descending multiple flights of stairs in trial 
evacuations. One of the crucial questions asked in the Exploratory case study 
questionnaire (see Appendix A3) was how many storeys the respondent could 
cope with without a rest. They were also asked other questions from which their 
level of fitness could be established.  Fitness here includes “aerobic” fitness and 
therefore the actual dynamic capacity of an individual to cope with a physical 
challenge (Ottevare et al, 2011) such as going down multiple flights of stairs. 
The Exploratory case study uses a non-validated self reporting method. The 
Canadian Study (Beck, 1977) shows the attitude of occupants to fitness at that 
time. A preliminary linear regression analysis in where the level of estimated 
fatigue is used to predict the variation in the number of storeys an occupant 
traversed in a trial evacuation from the 1980 Dataset  shows an R2 value of 
0.5956 (p<.05). Given that the International Physical Activity Questionnaire 
which can measure the actual dynamic capacity had not been developed at the 
time when the original survey was designed and administered the author 
proposed that traversed distance could be loosely equated with estimated distance 
using the data from Buildings 2-4 which in turn can be regressed against the 
distance that they traversed during the trial evacuation. 
 The above analysis could also be challenged by Galea et al (2008) 
where they show that an analysis of the WTC 9/11 incident data did not show a 
significant relationship between fatigue and the distance traversed. They (Galea 
et al, 2008) did accept that the relationship may have been masked by the impact 
of density. Other studies do show a relationship (Ayis, 2007; Peacock et al, 2009; 
and Fritz, 2009) so that it could be argued that there would be some sort of 
relationship where density was not a critical issue. This finding is also similar to 
that presented in Chapter 7 for Building M5 where the survey respondents 
reported severe crowding. 
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5.4.10  Conclusion for Part Two: Exploratory Case Study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5-5: Summary of Exploratory Case Study Analysis of 1980 Data-set.                     
(Estimated stair descent capability or performance was therefore determined by survey); 
*=p<.05, **=p<.01 and***= p<.001                                                      
 Figure 5-5 summarises “extrinsic factors 1-6” and “intrinsic factors 1-
3” under the generic core consistencies of “the individual”, “stairs (environment 
and construction)”, “ you and others (group)” and “management and 
maintenance” each of which constitute a “branch” feeding into the “spine” which 
determines the outcome which is “individual performance”. Each category noted 
against each “branch” comprises the pattern and synopsis of the results.  
 The comparison between the results for Parts and Part Two of the 
Exploratory Case Study will be discussed in the next section. 
 
Individual
Functional limitations: Shown as pain in lower limbs, 
respiratory conditions, stability, and other health 
conditions related to distance travelled.
Apprehension, and general confidence about treads and 
steepness also corresponds with fear of falling and fear of 
crowds
Fatigue relating directly to distance or height traversed –
trend equated to distance traversed and coping ability. 
50% of population can cope with 25+storeys. Reported 
level of fitness is 29.8%.
Familiarity with stairs and use
Stairs (Environment and Construction
Steepness – apparent relationship between although 
pitch of 370 appears to satisfy majority. Distance and 
constant turning masks this response.
Narrow treads: 50mm overhang of mean male foot 
on Exemplar Buildings with a 250mm tread – only 
20% on average concerned – still falling risk.
Slippery Steps mainly due to lack of maintenance –
concrete trowel finish is suitable but not granolithic 
such as Building 1 
Handrails:- use exceeded 30% for most buildings use 
increases with distance. Only 4%-17% were 
concerned with graspability.
Lighting and Ventilation: vital and same pattern as 
before so highly significant
Stairs not wide enough – 3.7-30% were concerned 
with delays. Related to evacuation strategy.
You and Others 
(Group)
Delays experienced- mainly 
due to slow movers in the 
group and group deferment 
which was 50:50
Group formation: >38% on 
average across Buildings 1-
8.
Management & 
Maintenance:
Warden communication and 
direction –EWI inaudibility causes 
confusion
Type of evacuation strategy
determines the density and level of 
group formation
Level of ventilation and lighting–
highly significant because of similar 
pattern as before.
Level of maintenance – this again is 
highly significant especially in terms 
of cleanliness and no obstructions
Estimated stair descent 
of 50%+ of population 
is 25 storeys  
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5.5 Discussion of Parts One and Two of the Exploratory Case 
 Study Results. 
 The results are summarised in Figure 5-6 will be discussed “branch by 
branch” as the context of an occupant’s estimated capability as it existed in the 
1980’s.  
 
 
 
 
 
 
 
 
 
 
Figure 5-6: Summary of Parts 1 and 2 of the Exploratory Case Study in a Combined 
Ishikawa Chart. 
5.5.1 The Individual Occupant 
 The population profile for the Canadian Study (Beck 1977) and the 
1980 Study are very similar (Rowland, 1991) in terms of the make up of those 
over the age of 40 years representing the mature office workers (19.2%). This is 
much less than those noted in later surveys (Dixon, 2003) where the mean 
working age in the next decade will be > 40 years. The population has therefore 
Individual
Functional limitations: Shown as pain in lower limbs, 
respiratory conditions, stability, and other health conditions 
related to distance travelled.
Apprehension, and general confidence about treads and 
steepness also corresponds with fear of falling and fear of 
crowds
Fatigue relating directly to distance or height traversed –
trend established over 20 storeys
Familiarity with stairs and use
Fitness attitude –
Stair use for training, familiarity and fitness
Age and gender
BMI
You and Others
Delays experienced- mainly due to slow movers in the group and 
group deferment which was 50:50
Group formation: >38% on average across Buildings 1-8.
Stairs (Environment and Construction)
Steepness* – apparent relationship between although pitch 
of 370 appears to satisfy majority. Distance and constant 
turning masks this response.
Narrow treads: 50mm overhang of mean male foot on 
Exemplar Buildings with a 250mm tread – only 20% on 
average concerned – still falling risk.
Slippery Steps mainly due to lack of maintenance –
concrete trowel finish is suitable but not granolithic such as 
Building 1 
Handrails*:- use exceeded 30% for most build ings use 
increases with distance. Only 4%-17% were concerned 
with graspability.
Lighting and Ventilation***: vital and same pattern as 
before so highly significant
Stairs not wide enough – 3.7-30% were concerned with 
delays. Related  to evacuation strategy.
Orientation and signage*** – view of floor through door
Management and Maintenance
Warden communication and direction –
EWI inaudibility causes confusion
Type of evacuation strategy determines the 
density and level of group formation
Level of ventilation and lighting*** –
highly significant because of similar pattern 
as before.
Level of maintenance*** – this again is 
highly significant especially in terms of 
cleanliness and no obstructions
Signage and orientation***
Locking of doors– entrapment***
50% of the population can cope 
with more than 25 storeys 
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aged but whether this is reflected in their ability to go down multiple flights of 
stairs or not given that functional limitations increase above this age (Ayis, 2007; 
Domus and Krampe, 2010; Lauretani et al, 2003 and  He and Baker, 2004) will 
be explored further in Chapter 7. 
 The two seminal studies at the time (Archea et al, 1979 and Templer 
1992) showed the following functional limitations were considered to influence 
missteps: 
 
?   Dizziness 
?   Hypertension 
?   Impaired hearing 
 
 They did acknowledge that more research was being carried out by 
epidemiologists so that change was expected. Templer (1992) did realise that 
functional limitations such as obesity and sarcopenia148 could contribute to loss 
of balance as confirmed later (Stel et al, 2003 and Fjelstad et al, 2008). It is 
interesting to note that the results in Part Two show an increase in knee pain for 
the distance traversed for Buildings 3 (33 storeys) and 4 (45 storeys). Knees 
were followed by balance as the highest frequency of response. 
 Table 5-5 below contains comments on the Individual Occupant or 
Intrinsic Group of Factors summarised in Figure 5-6 above. Interesting points of 
note are: 
 
•    Age and Gender (Templer (1992) shows no correlation between age 
 and rate of falls. Differences in terms of gender were found but are not 
 later  agreed with by Peacock et al (2009).  
•  Fatigue and distance traversed – trends show up in the Part Two of the 
 Exploratory Case Study that need to be investigated further for the 
 exemplar buildings especially with the impact of “density” where 
                                                 
148 Sarcopenia is the loss of muscle mass with age due to physical inactivity 
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 velocity reduces as density increases (Fruin, 1987). Galea et al (2008) 
 show that density may mask fatigue which does relate directly to 
 descent speed and distance (Spearpoint and MacLennan, 2012). The 
 exploratory case study exemplar buildings do not provide sufficient 
 evidence for this other than relying on observers’ comments.  
•    Balance (dizziness and vertigo) and strength – some trends do show up     
 which are related to distance traversed which does relate to strength. 
 It relates to vestibular disorders but can be closely related to other 
 neurological disorders as well (Samy and Hamid (2010). There is also a 
 connection between anxiety and balance disorders (Yardley and 
 Redfern, 2001) so that fear of falling can be a co-morbidity issue. Steep 
 stairs and the constant downward spiral of stair descent can also trigger 
 dizziness especially with the obese (Teasdale et al, 2007) so that the 
 2008-2010 Case Study correlations will need to explore the significance 
 of these relationships.  
•  Apprehension about footing and stance – no measurements made on 
 size of feet but mention is made of another study by MacLennan et al 
 (2011) concerning older people and outdoor steps where there was a 
 relationship established and the mean foot length established as being 
 300mm. The mean age of the sample was 66 years so that the mean age 
 of the same sample in 1983 would have been 38 years. It is not known 
 whether the apprehension they highlighted would have been the same in 
 1983. Apprehension about footing and stance may increase with 
 distance and fatigue as shown in the results for Building 4 (Stel et al, 
 2003 and Verghese et al, 2008).   
•  Musculo-skeletal aspects of knees and how this relates to the lower
 limbs especially - results show a direct relationship with distance 
 which is again supported by other studies especially with steepness 
 (Johnson and Pauls, 2011 and Moody, 2000). This will be discussed 
 further in Chapter 7. 
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• Management implications where there is poor maintenance of lighting 
 and ventilation within the stair enclosure together with lack of 
 cleanliness and deterioration of surfaces (Beck, 1977; Startzell et al, 
 2000; Templer 1982 and Archea et al, 1979). The results from the 
 exemplar buildings agree with these external findings. One of the most 
 interesting findings from the Exploratory Case Study was that over 40% 
 of the occupants in the Canadian Study did not use the stairs because of 
 management constraints and also the fear of being locked in the 
 stairwell149 without a known way out (NCBI, 2012) that can induce 
 dizziness and nausea. 
 
 The above therefore summarises the context of the intrinsic factors 
which determined that only 50% of the population can cope with more than 25 
storeys. Pauls et al (2007) said that this would change due to increased physical 
inactivity. This measure was challenged by the Delphi Group as discussed in 
Chapter 6 seeing that obesity and the like would be based on self reported 
measures. Booth et al (2002) showed that BMI was a relatively reliable measure 
of physical fitness. Also the fact that functional limitations increase with age 
(Ayis, 2007; Domus and Krampe, 2010; Lauretani et al, 2003 and He and Baker, 
2004) coupled with an associated increase in obesity (Al- Abdulwahab, 1999), 
and that fatigue is associated directly with these limitations, the perception could 
be correlated with a variable representing or summarising the above could be 
used to predict the estimated distance the occupant could cope with. This is 
achievable via factor analysis and will be explored in Chapter 7. 
 
 
 
 
 
                                                 
149 i.e. entry and exit fire doors being locked or even the belief that the doors may be locked. 
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Individual / 
Intrinsic Issue or 
Characteristic 
Part One Exploratory 
Case Study (Content 
Analysis of Beck 
(1977). 
Part Two Exploratory 
Case Study (1980 
Data-set) 
Comments 
Age and Gender Age (19.2%) measured 
via estimation. Gender 
was approximately 
50:50. 
Approximately 20%+ 
when based on statistics 
(Rowland, 1991). 
Gender was 
approximately: 
45% male 
55% female 
Only one reported fall 
requiring treatment in 
building four was a 
woman. 
Justifies the suitability of the 
studies for comparison in 
terms of the population and 
functional limitation profile. 
Archea et al (1979) and 
Templer do suggest some 
differences based on gender. 
Templer (1992) did claim 
that age does correlate with 
the rate of falls and that 
women tended to fall more 
than men. Footwear plays a 
role in this regard.   
Functional 
Limitations 
Functional limitations 
presented as general 
physical impairments, 
reduced vision, vertigo 
and dizziness, and fear 
of falling. Fitness 
attitude in items that 
exclude people from 
using stairs normally 
ties in with fitness 
attitude. 
Functional limitations 
presented as musculo 
skeletal to knees, 
cardio-respiratory – 
chest, vertigo and 
dizziness, fatigue and 
number of storeys can 
cope with. 
Refer to opening paragraphs 
in this section (Templer, 
1992, p. 14) where only 
correlation and falls on 
stairs is for individuals with 
cardio-vascular problems. 
Some very strong 
relationships show up for 
knees, fatigue and distance 
traversed in 1980 Study 
which does not line up with 
the seminal studies. Trend 
shows up for buildings in 
excess of 20 storeys. A 
certain agreement between 
fitness attitude and fatigue if 
the similarity can be shown 
– see section A6.2.3.3.   
Familiarity with 
location of stairs 
Familiarity with location 
of stairs – no mention 
other than >40% of 
population do not use 
stairs. 
Familiarity with 
location of stairs 
promoted by direction 
provided by wardens. 
Direct comparison not really 
possible but impact of 
warden direction is still 
relevant given cases such as 
Cook County Incident 
(Proulx and Reid, 2006). See 
previous comments re prior 
experience, expectations and 
training on the approach of 
an individual going down 
the stairs. 
Apprehension / 
Degree of 
Confidence/ Fear 
of falling 
Apprehension 
(Confidence/ fear of 
falling) about width of 
treads and slope of 
stairs – not really 
reported – treads were 
250mm wide as per 1980 
Study 
Apprehension about 
width of treads – 
significant percentage 
were concerned but not 
as many as expected 
given that at that time 
mean toe overhang for 
males was 50mm. 
 
Slope basically the same at 
36-370 – significant for small 
percentage where pattern 
agreed with that for 
functional limitations. 
Apprehension levels did 
compare with fear of falling 
but larger % age in 1980 
Study although majority still 
> 34% on average. Both 
seminal studies do comment 
on this. 
Table 5-5: Comparison of Parts 1 and 2 of the Exploratory Case Study for the Individual 
Occupant – Intrinsic. 
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5.5.2 Stairs (Environment and Construction 
 
 
Figure 5-7: Risk of falling and going width (Adapted from Johnson and Pauls (2011) based 
on data from Wright and Roys 2008; Equation y=-35.03ln(x) +144.73 with R2=0.88 and 
p<.001). 
 
 The exemplar buildings 3 and 7 show that only 5-11.5% of respondents 
were concerned about their safety. There may be a conflict with the degrees of 
risk projected from the UK Data Base analysed by Wright and Roys (2008) by 
the author using the interpretation of Johnson and Pauls (2011) but for treads 
>250mm in width the risk diminishes rapidly (see Figure 5-7). This supports the 
low response as a large percentage of the sample in the above study (Wright and 
Roys, 2008) comprised domestic stairs with treads much less than 250mm. A 
comparison with a potential shoe size for a UK sample related to the time of the 
1980 Study (MacLennan, 2011) shows that the drop off in the percentage of risk 
associated for goings ≥ 250mm can be expected as the mean length of the 
sample’s foot was 300mm.  
 The steepness of the stairs does appear to be significant and this needs 
to be analysed further in the 2008-2010 Study where an extensive factor analysis 
of the aggregated sample of Buildings M1-M6 supports the concern and possibly 
the analysis in Figure 5-7  above.  
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 As before Parts 1 and 2 are compared for this group of extrinsic factors 
in a self-explanatory table (Table 5-6). The latter shows that the two factors that 
were not included were: 
 
•   Uniformity of steps / stairs 
•   Width of stairs in terms of user reach 
 The uniformity of steps is extremely important and is taken as a major 
initiator of falls (Templer, 1992 and Archea et al, 1979). Uniformity here is 
dimensional regularity. The irregularity is important in terms of the location of 
the actual step in the flight. According to both Templer (1992) and Archea et al 
(1979) as discussed in Chapter 2 the highest risk location is the first three steps in 
each flight. This factor is relevant for high rise office building stairs but its 
contribution to falls is less clear cut. The dog leg stairs in the exemplar buildings, 
three and seven, have landings at each storey with intermediate landings in 
between. The highest risk would therefore appear to be at the point of entry, and 
at the points where the occupant or individual change their gait. The initial foot 
movement pattern according to Archea et al (1979, p.17) is “toe-down to 
partially horizontal to toe-down to horizontal”. This variation is due to the 
uncertainty associated with foot placement. Once the occupant becomes familiar 
with the stairs they develop the resources and use them automatically. This 
applies even when they alter their gait on each landing because the turning 
behaviour and gait changing become part of a cycle using Horak’s construct 
(2006) and the flow chart referred to by Archea et al (1979). It is argued that 
although the uncertainty would decrease as the occupant “learns” by descending 
through a number of storeys they may also loose “focus” due the increased 
familiarity, distractions (Horak, 2006) and possibly loss of strength (Stel et al, 
2003). Any sudden dimensional irregularity at the head of each flight would pose 
a similar risk to that experienced at the entry point and slightly less in mid-flight. 
Short flights might still pose risks but this information was not addressed in the 
Exploratory Case Study. 
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 It should also be noted here that both seminal studies referred to in this 
section (Templer, 1992 and Archea et al, 1979) and also in Chapter 2 showed 
that the number of turns also contributed significantly to accidents. Results from 
the 1980 Data-set are not available for this factor although a fall was attributed to 
this factor for building number four where a female occupant of 40+ years was 
attended to by paramedics after the trial evacuation. 
 The minimum “clear” width of the stairs was addressed in the Codes150 
at the time and was 1020mm. This represented two people walking side by side 
occupying a channel 510mm wide. This did not conform to the standard body 
ellipse proposed by Fruin (1987). Archea et al, (1979, 20)) view the width based 
on ease of movement and access to handrails for support. They placed any width 
above 1530mm (5’1”) as high risk. It is interesting to note now that research 
(Peacock et al, 2009) recommending increasing the minimum width to allow for 
the contra-flow of fire-fighters is in conflict. The Codes150 at that time required 
an additional handrail once the width exceeded 1525mm which means that it 
would have qualified as a low risk stair. 20.7% of respondents from the Part Two 
Exploratory Case Study agreed on average that the stairs were not wide enough 
and this percentage was higher for buildings one, two, four, and seven where 
there was some counter-flow due to fire-fighters. This agrees with later findings 
of Peacock et al (2009).  Respondents most likely thought that the stairs were not 
wide enough because they may have not been able to overtake slower movers if 
one examines the results in where 49.6% of them experienced slight to extreme 
delays due to slow movers and perhaps merging as later suggested and 
demonstrated by Boyce et al (2009). “Delays due to slow movers” was also 
confirmed via site observation by observers moving within the groups. 
 
                                                 
150 Buildings one to eight at the time of the 1980 Study were governed by Part 24 of the State Codes which were all based 
on the former Australian Model Uniform Building Code under the supervision of the Interstate  Standing Committee on 
Uniform Building Regulations (ISCUBR) 
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 Element Part One Exploratory Case Study (Content 
Analysis of Beck (1977). 
Part Two Exploratory Case Study (1980 Data-
set) 
Comments 
Treads  
 
Tread width not mentioned as being significant 
by users. 
Only average of 20% with similar pattern across 
all eight buildings showed some apprehension. 
MacLennan (2011) shows that mean male foot of 1977 would have resulted in 
a 50mm overhang and affected front on user stance. Later studies by Roys 
(2006) confirm this and link it with a major cause of falls (extrinsic factor. 
Archea et al (1979, p.20) classifies 250mm as high risk. Archea et al (1979) 
also mention step legibility (marking of nosing) 
Pitch* Pitch or slope of stairs seen as relatively 
significant factor. Actual pitch is 360-370 
Steep stairs were seen as a minor factor but those 
who thought that 370 were too severe averaged 
just 6.5% over the eight buildings in a similar 
pattern.   
Rowland (1991) showed that 6.3% of the Australian population had some 
sort of functional limitation during that decade. This would appear to be of 
the same magnitude as the 1980 Study. Archea et al (1979) also mention the 
slope in terms of riser height. 
Handrail 
(location, 
height and 
graspability)* 
Handrail height of 1067mm was seen as 
acceptable. Graspability not mentioned as a 
factor.  
Handrail was used by an average of 32% across 
the eight buildings and only 8.8% found them 
awkward to use. 
It would appear that handrails were significant at the time in terms of their 
use and both studies do appear to agree on this. This is supported by Archea 
et al (1979) who also provided expert opinion on the Canadian Study. Archea 
et al, (1979) did mention graspability and mention handrails as support 
mechanisms (p.9).    
Surface 
Condition*** 
The degree of slip was significant and was 
mainly due to level of maintenance and was 
seen as significant. 
Only an average of 6% of all respondents spread 
in a similar pattern across eight buildings so not 
taken as significant by users 
Slip resistance was seen at the time by Templer (1992) and Archea et al 
(1979) to be extremely important and data actually showed that irregular and 
slippery surfaces do contribute to missteps and falls.  
Lighting/ 
legibility*** 
This was seen as being of extreme significance 
in terms of visibility, foot placement and 
orientation. 
Although an average of 6.3% across all buildings 
it was seen as being significant because of the 
low number of respondents who adopted a neutral 
position and the similar response to the Canadian 
Study.  
Visibility of the stairs and handrails, the legibility of each step along with the 
visibility of the entire environment assists the user with  proprioceptive 
feedback and positioning their limbs in space e.g. foot placement as well as 
orientation. This was supported at the time by Templer (1992) and Archea et 
al (1979). Archea refers to poor lighting causing falls (p.9. Nosing definition 
is still important as mentioned under “treads”. 
Ease of 
access*** 
Doors were locked in some of the buildings. 
This was the reason given by respondents for 
not using the stairs.  
No similar comments made in 1980 Study 
although being able to see what was happening 
on each level was extremely important to the 
majority of people (>70%). 
Mentioned in Archea et al (1979) where it answered the problem by 
providing signage as the fact. Should also provide points where access is 
available. This still does not answer the restriction that locked doors provide 
to everyday use. 
Ventilation**
*  
This was seen as being extremely significant 
by respondents. 
Averaged 11.8% across all eight buildings and 
given the large percentages who were satisfied 
(57.8%) it would appear that ventilation would be 
a significant factor 
From the distribution of the responses it is reasonable to assume that 
significance could be generalised between the Studies given the similarity of 
the patterns (Yin, 2009). 
Signage and 
Orientation**
* 
Being able to view the floor and know what 
level they were on was highly significant 
Not really measured in Part Two but stair 
location was important so that generalisation can 
be made. 
Templer (1992) supports signage and this would help to alleviate the feeling 
of being “locked in” and its connection with agoraphobia. 
Table 5-6: Comparison of Parts 1 and 2 of the Exploratory Case Study for Stairs (Environment and Construction Group – Extrinsic. 
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5.5.3 You and Others (Group) – Extrinsic 
 Templer 1992) comments on this core consistency in terms of spatial 
behaviour: 
 
“If, however, a group of two or more arrive at the stair simultaneously, all 
directional codes are set aside, and they occupy the stair as they desire”151 
(Templer, 1992, p.103) 
 
 This occupation of space is due to the interaction of the group and is 
supported by the findings of the Exploratory Case Study and also by a recent 
study on the use of outdoor steps (MacLennan et al, 2011). The latter also shows 
a strong correlation between this interaction and a decrease in descent speed.  
 The research group behind the 1980 Data-set did recognise group 
formation and location as a relevant issue. Pauls (1977) and Jones and Hewitt, 
(1985).also found that the group formation was maintained for the entire journey 
down the stairs. This finding could also be challenged via a content analysis of 
survivor’s recollections of the WTC 9/11 incident as presented in Dwyer and 
Flynn (2004) and Chapter 6. Further analysis of the exemplar buildings three and 
seven shows that group formation on the floor was substantial (60.6%) and that 
this was maintained in the stairwell (87.3%). 
 Delays were generated by the above behaviours due to slower movers 
and merging (deferment behaviour). This behaviour can also be affected by 
evacuation procedures where “wardens” drive the merging patterns. Deferment 
or merging patterns may therefore vary and this is supported by other later 
studies (Boyce et al, 2009). The impact of the slow mover within a group can 
also hold up the groups behind known as “platooning” (Templer, 1992). An 
experiment carried out by Knowles et al (1976) showed that individuals behind a 
                                                 
151 The ‘platoon’ or the act of ‘platooning.’ 
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group will tend not to try and penetrate the group’s boundaries. Lindskold et al 
(1976) further supported this behaviour. This could challenge the notion of 
solving the problem of the “impassable” group with the provision of a wider stair 
as suggested by Pauls et al (2007). Blair (2010) reported that the data contained 
in another seminal study (Peacock et al, 2009) which recommended the widening 
of stairs was extremely “noisy” in terms of behavioural factors and other issues 
so that overtaking may not have been extensively explored. Group permeability 
(20%) is minimal using a standard body ellipse of 600mm (Rouphail, 1998). 
Even with a maximum width based on the reachability of handrails of 1500mm 
there is no guarantee that this would alter as the group will occupy the entire 
space (Templer, 1992). The Content Analysis of the WTC 9/11 incident (Dwyer 
and Flynn, 2004) appears to contradict this as there were many examples of 
members within a group providing space for contra-flow and overtaking 
(altruistic behaviour also confirmed by Fahy and Proulx, 2005).  
 The relevance of the group shown by the Exploratory Case Study is the 
risk associated with a falling incident involving a group member where the others 
may stop to help. If the group member is morbidly obese or unconscious so that 
they are a “dead weight” then the delay will comprise the time taken to remove 
the person to a place of refuge where they can be further assisted or the 
associated descent speed assisting that person down the remaining flights of 
stairs (Adam and Galea, 2010). Other studies show that groups can be formed 
where the means of helping the member requiring assistance has already been 
organised (Zmud, 2007) and that delays can be kept to a minimum (Adams and 
Galea, 2010).  
 The value of groups can therefore be utilised in terms of assisting others 
if management is involved (Dwyer and Flynn, 2004) but this does not mean that 
the risk to the group is completely removed. Delays, due to slow movers helping 
others, needs to explored further and reference should be made to the Content 
Analysis of NY Times Blog (Parker-Pope, 2008) in Chapter 6.  
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5.5.4 Management and Maintenance – Extrinsic 
 Jones and Hewitt (1985) mention about leadership and group formation 
in building evacuations and how these can be influenced by Management. Part 
one of the Exploratory Case Study showed up the relevance of maintenance and 
the state of the stair environment due to ventilation and lighting. The same study 
also shows the high significance of a clean stairwell. Archea et al (1979) agrees 
with the importance of maintenance. 
 The use of stairs results in learned behaviour which can be applied from 
one stair environment to another (Archea et al, 1979). When an individual 
descends some stairs for the first time they bring this learning with them. This 
may result in missteps and/or falls. Regular trial evacuations and the encouraged 
use of stairs by management can mitigate these problems as the users will be 
familiar with the stairs. Familiarity with stair use where the “training” is safety 
focussed could provide an interesting benefit for all (Clemson et al, 2004 and 
Eves et al, 2008). 
 Management commitment also relates to the formation of groups so that 
if this is done efficiently then “assisted evacuation,” utilising the appropriate 
devices and techniques (Adams and Galea, 2010 and Zmud, 2010), can be 
beneficial and safe. Management commitment also means appropriate 
maintenance of the stairs and the environment. Lack of maintenance is a 
moderately significant problems (p<.05) so that this aspect needs to be explored 
further in the 2008-2010 Case Study.  
 The exemplar buildings three and seven, as shown in Section 5.4 
represent a direct comparison between two different styles of management. 
Building Three practised what they preached and Building Seven did not. This is 
an ideal mix for further comparison. 
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5.6 Summary and Conclusion  
 The results and discussion for the Exploratory Case Study demonstrate 
that: 
 
•  The aim of the PhD Case Study is substantiated for further study and 
 validation in the 2008-2010 Case Study for exemplar buildings three 
 and seven. 
•  The selection of the branches of the Ishikawa Chart Model by the 
 United Kingdom Delphi Sub Group representing the Individual 
 (intrinsic factors and characteristics) and the extrinsic factors of “
 stair design, construction and environment”, “management and 
 maintenance”, and “groups – you and others” encapsulate all the 
 factors found in the results in this Chapter as those raised in the 
 seminal reference studies (Archea et al, 1979 and Templer, 1992). 
•  Functional limitations especially musculo skeletal knee pain, fear of 
 falling or apprehension, balance, fatigue/ strength, were significant. 
 Shields et al, (2009) showed in their WTC9/11 Incident Study of 
 evacuees with self designated mobility impairments that the latter 
 did constrain their descent rates to a certain degree but these still 
 compared reasonably well with other studies. Shields et al (2009) go 
 on to warn about the impact of density and delays where the 
 participants would have stopped at various points so that the true 
 movement speeds could be challenged.  
 
•  Groups did form and were significant in delays due to merging and 
 “platooning” caused by slower movers and the impact of group 
 space in terms of the intrusion of other occupants following behind. 
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 Groups were also found to be significant in deferment behaviour  via 
additional studies (Knowles et al, 1976). 
•  Stair design and construction did show some concern with narrow 
 treads. Discussion also demonstrates a large number of respondents 
 who appeared not to be concerned with safety in that they had no 
 opinion concerning the treads. Further studies of mean shoe size of 
 males (MacLennan, 2011) confirmed that treads less than 300mm in 
 width are high risk (Archea et al, 1979). Steepness also featured to a 
 certain extent via triangulation between the pitch of the stairs (350 to 
 370) when compared with occupant responses. Other factors of stair 
 visibility, lighting, ventilation, slip resistance, handrail 
 characteristics, were found to be quite significant. Uniformity did 
 not appear in the responses but were added because of results from 
 other Canadian Evacuation Studies (Pauls, 1977).  
•   Management and maintenance were significant in the forming of 
 groups, potential group behaviour (Jones and Hewitt, 1985), 
 familiarity of stair users with the “evacuation stairs”, level of fitness 
 and fitness attitude, level of lighting and ventilation, signage, 
 cleanliness, slip resistance, and evacuation strategy chosen. 
 Two exemplar buildings152 that are representative of the eight being 
buildings three and seven will be included as part of the 2008-2010 Case Study 
and analysed in Chapter 7 in order to complete the longitudinal nature of the PhD 
Study. 
 The “heads of consideration” for the 2008-2010 Case Study are set out 
in Chapter 6 and comprise the results of the considerations of an International 
Delphi Group, a BMI Benchmark Group and two specialist Focus Groups 
                                                 
152 Buildings 3 and 7 
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comprising those with a BMI in excess of 30 and those with an age in excess of 
45 years. The procedures used for each set of Groups are described in Chapter 3. 
The findings of the Exploratory Case Study will be reviewed together with those 
from Chapter 6 in Chapter 7 
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Chapter 6: Results and outcomes for the 2008-2010 Case 
Study Explanatory Studies (Content Analysis, Delphi and 
Focus Groups) 
6.1    Introduction: 
 Undertaking the 2008-2010 case study was made feasible by the 
findings of Chapter 5. The findings from the 2008-2010 Case Study are “framed” 
in Chapter 6 by the advice of an International Delphi Group and the 
considerations and measured intrinsic factors of three focus groups153.  
    The structure of Chapter 6 is explained in Figure 6-1. The 2008-2010 
case study was designed as a flexible process to allow for changes to be made to 
data collection instruments resulting from the needs of the research procedure. 
This is explained in Chapter 3.  
 The Exploratory case study provided the contextual issues that 
impacted on the performance of the individual going down multiple flights of 
stairs in trial evacuations. The original data was reclassified into the 
classifications determined by the Delphi Group providing expert input for the 
2008-2010 case study. The findings therefore were taken to represent the level of 
performance in the 1980’s and could therefore be generalised with the outcome 
of the Canadian Studies by Pauls (1974). As mentioned in Chapter 2 Pauls, Fruin 
and Zupan (2007) claimed that the descent ability of the individual would have 
diminished due to the lack of physical activity. The Exploratory case study 
therefore provided the foundation for a current study and in doing so to confirm 
or otherwise the claims made by Pauls, Fruin and Zupan (2007).  
 Concurrent with the 2008-2010 case study of trial evacuations from six 
high rise office buildings selected in accordance with the criteria described in 
Chapter 4 some additional explanatory studies were carried out comprising a 
Delphi Group to re classify the extrinsic and intrinsic issues that provided the 
                                                 
153i.e. two special user groups and one benchmark group of fit “young” office workers.  
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context stair descent and focus groups to “construct” the context based on their 
own experience. There are two additional qualitative studies presented being the 
content analysis (Fahy and Proulx, 2005) of documents from the media 
connected to and arising from the WTC 9/11 incident. These two studies are 
described in Chapter 3 and also in sections 6.4 of this Chapter. 
 The Content Analysis procedure used to the data from the focus group 
and media documents is the same. The coding classification and scheduling 
system is described and explained in section 6.2 and then applied to the outcome 
of the focus group sessions in sections 6.6 to 6.8 and comments extracted from 
the media in sections 6.4 and 6.5. It should be noted that content analysis is used 
in extracting material from text and notes. Part of the focus  group procedure 
involved survey using the same questionnaires handed out after the trial 
evacuations and also observations of the focus group members undertaking a 
mobility test to measure descent speed and performance, This means that mixed 
methods were used.  
 The findings are discussed in section 6.9 and summarised under the 
classification of the context developed by the Delphi Group. The main benefit of 
this chapter is that the Delphi Group opinion represents a “top down” approach 
whilst the other “opinions” represent a “bottom up” approach. The result is a 
more comprehensive set of outcomes that can be used to explain the results from 
the 2008-2010 case study presented in Chapter 7. 
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Figure 6-1: Thesis Study and Analysis Process 
 In Chapter 3 and as shown in Figure 6-1 the process steps 
described in the above paragraph process were explained. The research method 
used is mostly qualitative so that a system based on grounded theory and content 
analysis as described in Chapter 3 was used. As such the interrogation tool used 
was that based on the literature review in Chapter 2 and the framework 
developed by the Delphi Group. This is a similar approach to that used by Fahy 
and Proulx (2005). 
 
6.2   Coding Regime used for Sections 6-4 to 6.7 
 The outcome from the Delphi Group analysed and presented in the next 
section uses a framework based on “root cause analysis” (Portwood and Reising, 
2007). Content Analysis and grounded theory in line with the intent of Hsieh and 
Shannon (2005) were used in association with a directed approach to establish 
core consistencies (Fahy and Proulx, 2005 and Zhang and Wildemuth, 2009).  
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The method is fully described in Chapter 3 and Appendix A6. The tables that 
record the comments, their coding and analysis may be found in the Appendix 
A6. Chapter 6 should therefore be read in conjunction with Appendix A6. The 
core consistencies are described in Figure 6.2 for reference.  
 
Figure 6-2: Classification Framework of Core Consistencies and Coding Categories 
 The further coding of the core consistencies may be found in Appendix 
A6 as this is seen as being part of the data analysis task and therefore is not 
presented in Chapter 3.  
 The schedules of the comments and core consistency and the 
frequencies of their subcategories are presented in Appendix A6 under each 
appropriate study (Dwyer and Flynn, 2004 and Parker-Pope, 2008).The analysis 
of these data is presented in Section 6.4 - 6.7. 
 
6.3  Delphi Group Results 
 The model developed via Delphi Group Consensus is presented as part 
of the results and also represents the framework used to interact with the 
research. Although the Exploratory Case Study (Chapter 5) establishes the 
context of stair use and the possible correlation between estimated occupant stair 
descent capability with factors making up this context, this relates to the time 
frame of 1975-1985. There is a need to establish the context of stair use within 
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the current decade. The context of stair use is summarised in Chapter 2 but 
multiple flight stair descent in high rise buildings is normally seen as being a 
subset of egress research. In order to provide a platform between users and 
experts the author utilised the Delphi Group and the associated process (Linstone 
and Turoff, 2002) in conjunction with the literature review to provide the initial 
framework. The outcome of the Delphi Group deliberations is presented in the 
form of completed Ishikawa Charts, with explanations as required, as the 
consensus of these deliberations.  
 The Delphi Group was made up of two sub groups as outlined in 
Chapter 3, one from the United States/Canada and the other from the United 
Kingdom. A Policy Delphi approach was used (Turoff, 1970). Two meetings 
were held with the first in the United States. The experts were briefed about the 
aim and objectives and then each individual given a blank Ishikawa Chart with 
instructions on how to develop them. The charts were completed by the experts 
classifying the contextual factors and noting them on the “fins” of the diagram. 
They were then asked to populate each fin in turn. The completed charts were 
handed to the author who was the facilitator. The facilitator then exchanged the 
charts and asked for the experts to review each other’s charts. They spent some 
time on this and agreed that they would not subtract anything from each set of 
opinions. They advised the facilitator to integrate the opinions. The outcomes 
from the US Group are shown in Figure 6-3. Consensus did not form part of the 
proceedings.
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Figure 6-3: US Delphi Sub Group Outcome – “used as aide-de-memoire” 
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 The membership of the two sub groups forming the Delphi Group is 
presented in Chapter 3. The US Sub Group prepared a model that represented the 
whole field of stair use, egress and safety that was decidedly “engineering 
science” based. The UK Sub Group which was more representative of the “health 
science” school challenged the outcome shown in Figure 6-3  with a general 
comment of: 
 
The initial outcome is far too involved and complex to provide the framework 
required. It provides a good “aide-memoire” for detailed analysis.” 
(UK Subgroup 2008) 
 
 The UK Subgroup were each individually provided with their own copy 
of the integrated US Ishikawa Chart. They were seated around a rectangular 
some distance one from the other to minimise co-operation. The author again 
was the facilitator. The group asked further questions about the aim and 
objectives of the study. Members were then each individually asked for their 
comments. The initial comments showed that there insufficient allowance for the 
impact of man agreement and others using the stairs. They also individually 
commented that there were too many classifications. It needed to be simplified. 
A fresh chart was prepared and circulated with the new broad classifications as 
shown in Figure 6-2. They basically agreed with the detail of the US Chart but 
summarised the factors providing the author with direction in breaking down the 
elements noted on the branches in the light of the health science and ergonomics 
based research in the United Kingdom. The final model only contains four main 
branches which lines up extremely well with the division of the body of research 
depicted by Templer (1992), Startzell (2000), Reeves et al (2008), Roys (2006) 
and Pauls (1977, 2007 and 2011). The UK Group advised that the US Chart 
should be used as an aide-de-memoire. 
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6.3.1 The US Delphi Sub Group Results 
 
 The US Sub Group Meeting was held at the offices of the National 
Institute of Standards and Technology in Gaithersburg, Maryland. The members 
of the group each individually completed a blank chart after reaching consensus 
on the contextual classifications and discussed their findings after completing 
this task. Overall consensus was reached by the members examining each other’s 
findings and agreeing to subsequent changes. There were no actual changes but 
rather just additions. The classifications comprised three extrinsic and three 
intrinsic classifications being: 
Intrinsic Groupings: 
 As seen in Figure 6-3 the intrinsic classifications are: 
? User characteristics and things worn. (10 subcategories) 
? Acute or chronic physical condition.(14 subcategories) 
? Psycho-social or neurological condition.(18 subcategories) 
Extrinsic Groupings 
 As seen in Figure 6-3 the extrinsic classifications are: 
? Stair enclosure and environment (10 subcategories) 
? Stair construction (14 subcategories) 
? Task scenarios (3+ subcategories) 
 
 The resultant chart established 64^64 possible permutations and 
combinations. This was considered to be far too complex.  
 
6.3.2 UK Delphi Sub Group 
  
 The frequency and organisation of trial evacuations depend on the 
commitment of the employer and/or the owner of the building to occupational 
health and safety. This commitment is reflected in the emergency evacuation 
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plan and procedures for the building. Management can therefore have a direct 
impact on the frequency and procedures followed in trial evacuations and the 
behaviour expected from the workers or occupants. The UK Subgroup was of the 
opinion that “Management and Maintenance” could determine the grouping of 
the occupants, the evacuation sequence and strategy as well as the state and 
condition of the stairs and the stairwell. These classifications represented the sum 
total of the extrinsic factors. The intrinsic factor was dealt with via a single 
classification comprising a number of variables. This followed the desired 
framework for the design of the questionnaires which needed to resemble the one 
used in the research project providing the 1980 Data-set as closely as possible. 
 The branches were then simplified by the group members individually 
and then settled on by consensus from the US outcome as follows: 
 
• The Individual or “You” (9 subcategories that could be expanded) 
• The Group or “The Individual/You and Others” (5 subcategories 
expanded below) 
• Stairs and Environment (Stairs, Design, Construction and 
Environment) (18 subcategories) 
• Management and Maintenance (7 subcategories) 
 
 The “Individual” was intended to group all the intrinsic factors together 
in terms of age, gender, mass, functional limitations, psycho-social and 
neurological factors, and abilities/ experience. 
 
 The “Group” or “You and Others” was intended to reflect the impact of 
group size, composition, cohesion, prior member location and relations, where 
group formed, formed voluntarily or via management procedure, dynamics, 
behaviour (altruistic or aggressive), and commitment.   
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The “Stairs, Design, Construction and Environment” should comprise those 
factors shown to be critical by the research. Roys (2006) was the source for this 
so that the following factors were included; tread width, uniformity of step 
geometry, illumination, number, height and graspability of handrails, contrast 
between surroundings and steps, legibility of steps, slip resistance of steps, and 
number of steps per flight. Other factors that were included after further 
consultation were pitch or riser height, contrast of handrails, step edge 
conspicuity, width of stairwell, distractions, and encroachments. 
 
“Management and Maintenance” should comprise the evacuation organisation 
makeup (central and local). It also should include the legislative context, strategy 
and planning process (authoritative vs. participative), procedures, organisation 
and team structure, and frequency of drills. Feedback was also considered to be 
vital following something similar to the PDSA cycle. Emergency instructions 
and scenario practice were also mentioned. 
 
 The initial consensus reached by the UK Sub Group still contained all the 
elements listed by the US Sub Group so that overall Group consensus was still 
maintained. The UK Sub Group classifications were therefore expanded slightly 
via further consultation with the members being continually cross-referenced 
with the US “aide-de- memoire”.  
 
6.3.3 Discussion of Delphi Group Outcomes 
 The US Delphi Subgroup outcome shown in Figure 6-3 is in extreme 
detail and contains the issues raised in the literature (e.g. Archea et al, 1979; 
Templer et al, 1972; Pauls, 1977, 2007 and 2011; Startzell et al, 2002; Roys, 
2006; Scott, 2005; Maki et al, 1983; Aldersen, 2010; Averill et al, 2005 and 
Peacock et al, 2009) other than those dealing with evacuation management and 
group issues. The Exploratory Case Study did raise some pertinent issues in this 
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regard as did other research at the time (Pauls, 1977; Beck, 1977; Templer, 1992; 
and Knowles et al, 1976) especially: 
 
• Level of maintenance especially keeping the stairs clean and free of 
obstructions. This should be extended to keeping elements such as 
handrails, nosings and the like secure and generally maintaining the 
required level of safety. 
• Level of maintenance of the stair environment such as level of lighting 
and ventilation. 
• Group formation – voluntary (work location or organisation structure 
based) or as a result of the local or central evacuation procedures. 
There is also the primary and affiliative group model as pointed out by 
Shields et al (2009) where those occupants who “self designate” their 
functional limitations may form smaller groups for trial evacuations 
and emergencies such as the person with the Evac+ chair in the WTC 
9/11 incident (NFPA, 2007 and Zmud, 2007). 
• Group dynamics and cohesion which will determine occupied and 
“owned” territory, relationships with other groups (merging), and type 
of behaviour. 
• Group size especially in relation to stair width and “permeability” of 
the group in terms of “platooning”. 
 
 The structuring of the Delphi Group into two sub groups may be seem as 
being outside the definition of the Delphi technique which as stated in Chapter 3.  
 
 297
6.4 Content Analysis Study 1 – WTC 9/11 incident (Dwyer and 
Flynn, 2004).154 
 The content of the publication of WTC 9/11 survivor interviews entitled 
102 Minutes (Dwyer and Flynn, 2004) was analysed using the same approach as 
that of a similar study by Fahy and Proulx (2005). The process is described in 
Section 6.2 of this chapter together with the coding regime, tables of abstracted 
comments together with their coding into core consistencies and finally tables 
showing the frequency of subcategories in each core consistency or 
classification.  The outcomes from this content analysis study mainly focus on 
the interaction between survivors as groups, between groups and wardens and to 
a certain extent between survivors and stairs. 
 The outcome of the analysis summarised in Table 6-1which are 
summaries of the subcategory/ core consistency tables in the Appendix A6 
comprised: 
 
? 66 abstractions from the actual document comprising references 102.1 – 
102.66 as listed in Appendix A6.\ 
? 29 of these were coded as “You”, 31 as “Group”, 21 as “Stairs” and 37 as 
“Management”. 
 
Core 
Consistency 
Number of 
Codings 
Percentage of Total 
Codings 
Percentage of 
Total Abstractions 
You 29 29/118 25% 29/66 44% 
You & Others 31 31/118 26% 31/66 47% 
Stairs & 
Construction 
21 21/118 18% 21/66 32% 
Management & 
Maintenance 
37 37/118 31% 37/66 56% 
Table 6-1: Frequencies of classifications against core consistencies (Dwyer and Flynn, 2004) 
The percentage of total abstractions shows that the main core consistency was 
“Management” followed by “Groups”, “You” and “Stairs”. “Management” 
                                                 
154 Refer also to Chapter 3 for full description of Method 
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comments mainly involved actions of wardens which can be summarised as 
“altruistic”. This type of behaviour was by far the most frequently encountered 
across three out of the four core consistencies and confirms the findings of Fahy 
and Proulx (2005). A selected cross section of the comments from Schedules 1-
20 in Appendix A6 are shown below: 
 
Comment 102.1 
“The immediate challenges these people faced were not geopolitical but intensely local; for 
instance, to open a jammed door, navigate a flaming hall way, or climb dozens of flight of stairs. 
Occupants had to care of themselves and those around them.........” 
Dwyer and Flynn (2004, p.xxi). Covers all four core consistencies. 
 
Comment 102.5 
“Grab your bag,” Yagos said. “We’re going”.  Next to them, Ann McHugh also rose to leave.....’                
Dwyer and Flynn (2004, p24). Applies to the Group core consistency dealing with the 
formation of a group on the floor in the work area. The workers were work colleagues. 
 
 Comment 102.9 
“....Many of the people who worked for the bank had been in the building in 1993 so the memory 
of the calamity ran just beneath the surface......That experience had helped turn emergency 
preparations into a near religion amongst employees. People learned where the fire stairs 
were.......One of the banks leaders had sent a memo making their policy clear.....people were the 
bank’s assets.....”                          
Dwyer and Flynn (2004, p29). Past experience resulted in “work culture” of preparedness and 
a high level of management commitment to the safety of the workers. This is “local 
management” as opposed to “central management” of the Port Authority The core 
consistencies involved are “You”, “Group” and “Management”. 
 
Comment 102.20 
“The instruction to the caller from Morgan Stanley was especially important. Morgan Stanley 
occupied twenty two floors and over 2000 people worked for the company. An executive for the 
bank, Ed Ciffone, had overseen years of intense evacuation programmes, and one of his deputies, 
Rick Rescorla, had led the drills with a zeal that seemed near evangelical. ... Now it made sense. 
Their wardens pulled out megaphones and began to drive the Morgan staff out of the building.” 
Dwyer and Flynn (2004, p.72). Shows the impact of a committed prepared organisation that 
also comprised a large tenant. Groups here were most likely a mixture of work colleagues from 
a particular department or team and those formed in transit to the stairs following the 
warden’s instructions. The core consistencies involved were “Groups” and “Management”. If 
this comment is read in conjunction with comment 102.19 then the potential conflict can be 
seen with central management directions.  
 
Comment 102.22 
“Along the way Foodlum had tired – she had just finished a challenging chemotherapy series for 
cancer, and was about to start radiation treatment – but her boss...nudged her along”  Dwyer 
and Flynn (2004, p.76). Shows individual functional limitation and altruistic behaviour from 
her boss so that the core consistencies involved are “You” and “Group” as there are two 
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people who would have occupied the space on the stairs and who, in other situations may have 
caused platooning (Templer, 1992). 
 
Comment 102.24 
“The single-minded abandon of Michael Sheehan’s departure ....should have carried him clear of 
the tower by 9:02, but several developments managed to slow him down...When he came across a 
heavy woman...at the 10th floor, Sheehan ....walked down with her ....out of the building.”                                                                                    
Dwyer and Flynn (2004, p.90). Shows that overtaking occurred so that single-minded 
behaviour may have been initial behaviour but this was replaced by altruistic behaviour with 
the large woman whom he assisted for 10 floors until they were out of the building. The 
applicable core consistencies are “You”, “Group” and “Stairs”. Overtaking did occur so that 
Sheehan may have moved through group territories. A group was formed in the stairs and on 
other occasions may have slowed others behind as the group would have occupied the stairs. 
Rest space would have been appropriate and the stairs were not wide enough as demonstrated 
by others (Peacock et al, 2009).  
 
Comment 102.30 
“He fixed his gaze on the lip of each step; defined by the glow in the dark stripe and started ....he 
navigated this line down 1512 steps that led from the 84th floor of the South Tower to the 
lobby...”                                               
Dwyer and Flynn (2004, p.101). This is an example of the effectiveness of the photo 
luminescent nosing strips as a way finding tool. It also demonstrates how stair users who are 
focussed can go down multiple flights of stairs safely. There were others involved as well. Core 
consistency here is “Stairs”.  
 
Comment 102.36 
“The line moving along the stairs immediately resumed a fast but steady pace...Soloway took the 
arm of a woman having a panic attack....Salovich carried the bag of another woman hearing 
about her two children...”Thirtieth floor’” Salovich called out. “It’s all downhill from here.”          
Dwyer and Flynn (2004, p.118). This is a classic example of altruistic behaviour and group 
dynamics where Salovich did not want to compromise the safety of others. His purpose was to 
help the slow mover and keep the line moving.  Core consistencies of “You” and the “Group” 
apply. 
 
Comment 102.53 
“I’ve found an exit,” he said, and he led them to a door.......She saw a thin man behind her in the 
stairs........Another colleague, Sankara Velamuri escorted Tembe with his bad knee...”  Dwyer 
and Flynn (2004, p.191).Core consistencies of “You” and “Group” apply. It could be argued 
that “Stairs” could apply as well but the predominant themes are altruistic behaviour and 
interaction between groups and their members. It shows the value of a “leader” (Jones and 
Hewitt, 1985) that others are prepared to follow 
 
Comment 102.65 
“(North Tower) Reese had severe asthma. Everything about the long descent – the heat, the 
anxiety – tightened the clamp around her throat....her colleague tried soothing assurance, pep 
talk, pleading... only 5 floors to go and they would be out of the building...she had to sit.”    
                      
Dwyer and Flynn (2004, p.228). Shows that respiratory problems are a functional limitation 
that relates to distance or the number of storeys. Demonstrates altruistic behaviour and the 
need for a space to rest even if she only had 5 storeys to go down. Core consistencies of “You”, 
“Group” and “Stairs” apply. 
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 The above comments provide a comprehensive cross section of the 
66 comments included in Appendix A6. When considered in the context of the 
Aim and Objectives of the PhD Case Study it provides a valuable insight into 
the challenge of going down multiple flights of stairs, the natural tendency of 
group members to help others, the relationship between fitness and distance 
traversed, the risk to the group of assisting others in terms of physical effort, 
and the impact of local and central management on stair user/ occupant 
behaviour.  
 The abstracted classifications and comments will be analysed and 
discussed further in a subsequent section where a direct comparison will be 
made with those from Content Analysis 2. 
6.5 Content Analysis Number 2 – NY Times Blog and 
 Comparison with Content Analysis Number 1. 
6.5.1 Content Analysis Number 2155 
 The outcomes of the Content Analysis of the NY Times Blog156 
facilitated by Parker-Pope (2008) mainly focus on responses of interested parties 
on the notion that people may not be fit enough to survive in emergencies or 
undertake the physical challenges involved (e.g. going down multiple flights of 
stairs) as well as their attitudes to others who are not fit and those who may be 
vulnerable in this area. 
 The nature of the NY Times Blog is described elsewhere in Chapters 3 
and 4. Taylor Parker-Pope (2008) facilitated the session and allowed free 
responses on a set theme of fitness to survive an emergency and community 
attitudes associated with the issues involved. The responses from the Blog were 
                                                 
155 Refere to Chapter Three for full description of the method 
156 This blog was influenced  by a discussion at the time on obesity and fitness and community 
tolerance. Parker- Pope tied it surviving emergencies and WTC9/11 was one of the example 
incidents. 
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numbered NY1 to NY154 together with the comments made during the session 
by the facilitator. They are transcribed into tables in Appendix A6 as described in 
Chapter 3.  
 An analysis of the outcomes of the frequency coding tables in Appendix 
A6 show that there were 60 abstractions from Comments NY1-NY154 of which 
43 were coded as “You”, 41 as “Group”, 19 as “Stairs” and 45 as 
“Management”. These details are analysed further in Table 6-2 
 
 Core 
Consistency 
Number of 
Codings 
Percentage of Total 
Codings 
Percentage of Total 
Abstractions 
You 43 43/144 30% 43/60 72% 
You & Others 41 41/144 28% 41/60 68% 
Stairs & 
Construction 
19 19/144 14% 19/60 32% 
Management & 
Maintenance 
41 41/144 28% 41/60 68% 
Table 6-2: Frequencies of classifications against core consistencies (NY Times Blog) 
 The percentage of total abstractions shows that the main core 
consistency was “You” followed by “Groups” and “Management” together 
with a relatively small percentage of coding/ classifications against “Stairs” 
even with the prompting by the facilitator. This may be expected given that 
comment NY”H” was made after 74% of the NY responses had been received 
and recorded. 
 “Management” comments mainly involved suggestions by respondents 
that wardens should organise trial evacuations so as to avoid blockages that 
they should become more involved in planning for those who are either unfit 
or have limiting functional limitations and that trial evacuations are important.   
 “Group” comments were mixed. The main thrust of the “Group” 
comments is summarised below: 
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• Altruistic behaviour would be expected (assisting others) although 
many comments were the opposite where the person concerned would 
be prepared to penetrate the group’s territory in terms of overtaking. 
• Group dynamics where there would be members who would not be 
prepared to co-operate and would not tolerate slow movers. 
• Firm leadership where the good of the group would be seen as 
paramount. 
• Physical implications to and risk for members of the group in assisting 
others e.g. lifting or supporting morbidly obese persons157. 
• Expectations of aggressive group behaviour. 
• Awareness of stress behaviour where slow movers are involved. 
• Reference to source of group members such as fellow workers from 
same department. 
• Reference in quite a few comments to the benefit of group “leaders” 
with prior evacuation experience. 
 
 Comments applying to the core consistency “You” were also a mix. 
There were a few individuals who even with functional limitations had learnt 
through practice and the use of “willpower” how to use handrails for support 
and marshal their neural balance control and movement system (Horak, 2006) 
to be able to go down the stairs. It is here that the provision of rest areas 
would be important which is also reflected in later comments that stairs 
                                                 
157 Substantiated also by Heuer et al (2011) and Puhl and Brownell (2001) in terms of community 
attitudes and stigma. 
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should be wider. There were some who reflected a level of intolerance. 
Respondents realised the importance of fitness but were diverted by the 
internal debate on the possible stigma associated with obesity157. Respondents 
recognised that many moved slowly because they had a fear of falling or lack 
of confidence. An example is provided of an unfit and obese respondent who 
could only cope with between 5 and 10 storeys and another who would have 
not been able to cope with 30 storeys even with rests. Even the greater amount 
of space on the stairs required by the obese person was mentioned which ties 
in with later comments on stair width.  
  Finally the number of comments referring to “Stairs” was almost 
entirely centred on the width of the stairs. This core consistency only accounts 
for 14% of the selected responses. It mainly relates to individual contentions 
that wider stairs would provide space: 
• For slow movers to rest. 
• Space between group members for others to overtake by passing 
between so that group territory was not seen as an issue158. 
 
 Unlike the analysis of 102 Minutes (Dwyer and Flynn, 2004) in the 
previous section the comments have been summarised as a whole without 
direct references to individual core consistency comments. This is because of 
the distribution of comments is more uniform. 
 The details of the comments may be found in Appendix A6. 
                                                 
158 Contrary to findings of Knowles et al (1976)  
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6.5.2 Analysis of Content Studies 1 and 2. 
 The frequencies of the categories are summarised on Figure 6-4 and 
Figure 6-5. The detailed allocation of the sub categories may be reviewed in the 
Appendix A6. 
 The two selected studies (Dwyer and Flynn, 2004 and Parker-Pope, 2008) 
are quite different in that one is the recollection of an actual incident so that it is 
based on fact and perception. The other is the voicing of opinions that reflect 
community attitudes on fitness and emergencies. The analysis in this section will 
be comparative so that the findings can be tested against the outcomes of the two 
Content Analysis Studies to see whether any generalisations can be made in line 
with case study principles (Yin, 2009). 
 Inferences can only be drawn from these two studies by further analysis 
of the categories within the core consistency classifications by means of 
generalisations made between the two studies in accordance with “case study” 
practice (Yin, 2009). The above analysis is continued on in this section. 
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Figure 6-4: Ishikawa Chart Summary – Content Analysis 2 NY Times Blog (Parker-Pope, 
2008) 
 
 
          
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6-5: Ishikawa Chart Summary – Content Analysis 102 Minutes (Dwyer and Flynn, 
2004) 
 
 
 The Individual
Condition – 39%
Behavioural factors - 23%
Mental – 21%
Spatial – 17%
Others
Group Dynamics (altruistic factors) – 63.1%
Risk factors (aggression) – 17.1%
Group knowledge & commitment – 19.8%
Stairwell Design
stair width – 29.4%
handrails – 5.9%
refuge / rest space – 25.5%
ventilation/ conditions – 27.5%
equipment defects – 11.7%
Management
Central / general – 50%
Tenant or local – 50%
 
THE INDIVIDUAL
Condition = 31.9%
Behaviour = 24.8%
Mental attributes = 31%
Spatial = 12.3%
OTHERS
Group dynamics (altruism) = 56.3%
Risk factors (aggression) = 5.8%
Group knowledge and commitment =  37.9%
STAIR DESIGN
stair width and refuge = 30.8%
handrails = 0%
refuge/ rest space = 7.7%
ventilation/ conditions = 23.1%
equipment defects = 38.4
MANAGEMENT &                                    
MAINTENANCE
Central and general = 61%
Tenant / local = 39%
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Figure 6-6: Graph of Category Percentages relative to each Core Consistency 
 
 Figure 6-6 shows some interesting directions within each core 
consistency. These are discussed below for each study and then as an average 
across the two studies. There is an internal pattern for each of the core 
consistencies so that generalisations can be made (Yin, 2009; Hak and Dul, 
2009 and Tellis, 1997). It should be noted in this instance that the pattern 
matching technique is not being used as a means of testing a hypothesis but 
rather to compare patterns arising out of two disparate studies (Yin, 2009 and 
Hak and Dul, 2009). 
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Table 6-3: Ordering of Core Consistency Categories for 102 Minutes and NY Times Blog  
 The internal patterns159 within each core consistency appear from the 
ordering of the factors from each. Following the results shown in Table 6-3 
the patterns for the “Individual” and the “Groups” match after a fashion 
except for the mid-range ordering for the “Individual”. The patterns for the 
remaining two core consistencies, “Stairs” and “Management” are not as 
consistent. The “Width” category for “Stairs” is the most predominant 
category for the “NY Times Blog” study and the second most predominant 
category for the “102 Minutes” study so that there is a “pattern” of sorts 
seeing the least predominant factor was “handrails”. The latter matches the 
findings across the eight buildings in the Exploratory Case Study. Also the 
statement that stair width is an important issue matches findings of other post 
WTC 9/11 studies (Peacock et al, 2009 and Blair, 2010). The claim that there 
is a distinct pattern for Management could be challenged in that there are only 
two categories centred on the emergency management organisation. There is 
                                                 
159 Patterns are seen here as trends. This is explained by the use of the term “ordering 
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an even 50:50 split between local and central roles, procedures and respondent 
(individual) expectations for the “NY Times Blog” and an approximate 60:40 
(Central: Local) split for the “102 Minutes” study where Central was the 
predominant factor because of the role of the Port Authority and the size of 
the tenants. Comment 102.20 underpins this factor even where major Tenants 
(J.P.Morgan) were involved. Although the impact was to have the employees 
move toward to exits and into the stairs this was still in conflict with some of 
the instructions being given from the Central emergency management 
organisation (see Comment 102.20 below):    
 
Comment 102.20 
“The instruction to the caller from Morgan Stanley was especially important. Morgan 
Stanley occupied twenty two floors and over 2000 people worked for the company. An 
executive for the bank, Ed Ciffone, had overseen years of intense evacuation programmes, 
and one of his deputies, Rick Rescorla, had led the drills with a zeal that seemed near 
evangelical. ... Now it made sense. Their wardens pulled out megaphones and began to 
drive the Morgan staff out of the building.” 
Dwyer and Flynn (2004, p.72). Shows the impact of a committed prepared organisation that 
also comprised a large tenant. Groups here were most likely a mixture of work colleagues 
from a particular department or team and those formed in transit to the stairs following the 
warden’s instructions. The core consistencies involved were “Groups” and “Management”. 
If this comment is read in conjunction with comment 102.19 then the potential conflict can be 
seen with central management directions.  
 
The most predominant category within the “You” (Individual) core 
consistency was Condition which comprised the following: 
 
• Obesity (YC1) 
• Fitness (YC2) 
• Strength (YC3) 
• Co-morbidities affecting stance and gait (YC4) 
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This underpins the aim of the PhD Case Study where the physical challenge of 
descending multiple flights of stairs is seen as being based on the stair user’s 
or occupant’s fitness and strength. Lack of fitness results in obesity (Booth et 
al, 2002). Lack of fitness combined with ageing will lead to loss of strength 
especially in relation to stability and to a certain extent in dynamic or aerobic 
capacity (Reeves et al, 2008). Functional limitations also play a role in the 
stair user’s / occupant’s confidence in going down the stairs and are not only 
mirrored in their descent speed but also the distance they have to travel 
(Spearpoint and MacLennan, 2012). Other elements from the mid-range of 
categories deal with mental, neurological and behavioural factors which can 
also affect descent speed and the confidence that people may have that they 
can complete the challenge (e.g. fear of falling). The latter is often reflected in 
the degree to which the people rely on the use of the handrail (Reeves et al, 
2008a). It is interesting to note here the low ordering of handrail use. This 
reflects the finding of the Exploratory Case Study in that the majority of the 
respondents did not appear to rely on the handrail for support. Even the 
support of others does not provide the user with the mental strength and belief 
in themselves to complete the “journey” (see comment 102.65 of the “102 
Minutes” Study). 
 An interesting comparison required at this point to filter the “You” or 
“Individual” results is one with the work of Shields et al (2009) on the 
behaviour and evacuation experience of WTC9/11 Incident evacuees with self 
designated mobility impairments. One factor that is missing in the author’s 
“102 Minutes” study is a measure of the respondent’s descent speed so as to 
determine the impact of the functional limitation. This is discussed in the 
context of the group in a subsequent paragraph.  
 The pattern for “You and Others” is in complete agreement between 
the two studies and therefore can be generalised across the 2008-2010 case 
study. The most predominant category is group dynamics. Altruism or, being 
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prepared to assist, is the most predominant element within the “group 
dynamics” category which corresponds with the findings of the content 
analysis carried out of media reports by Fahy and Proulx (2005). Cohesion 
and the risk of assisting others were also considerations but were over 
shadowed by the preparedness of group members to help others. These two 
studies did not contain any information about the frequency of group 
formation as compared with the Exploratory Case Study.  
It is important to know where the groups were formed and whether 
they were primary or affiliate groups. Shields et al, (2009) mention primary 
and affiliate groups. The primary group they showed was one formed by an 
individual with functional limitations who required assistance. The affiliate 
group is one that can attach itself to the primary group. It is unclear where this 
attachment is formed. The studies (Dwyer and Flynn, 2005 and Parker-Pope, 
2008) showed groups maintained their membership when they comprised 
colleagues from the same department, most likely working in the same 
location. The Exploratory Case Study showed that there was a marked 
increase in groups formed within the stairwell as opposed to “on the floor”.  
 Cohesion is related in a fashion and perhaps the degree of bonding 
between the members of the group and one would expect the degree of 
altruistic behaviour. This is not the case when one considers the context of 
“Comment 102.24” from the 102 Minutes Study (Dwyer and Flynn, 2005) 
where the respondent who in fact was overtaking at random but when he came 
across the “heavy” woman on the 10th floor he stopped and assisted her for the 
next 10 storeys. A bond was formed and it could be argued so was a group. 
Perhaps groups are transient as argued by Shields et al (2009) so that the 
context of each evacuation needs to be explored carefully before 
generalisations can be made. This also applies to the “permeability” of group 
territory (Lindskold et al, 1976). Permeability needs to be considered with 
spatial distribution of the members when intrusion by a separate “aggressive” 
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individual typified by certain attitudes in the “NY Times Blog” Study who 
may wish to overtake. Comment 102.24 (see below) shows that the heavy 
woman may or may not have been attached to a group. The members of the 
group may not be able to assist but the young man who may have initially 
classified as “aggressive” was allowed to penetrate the group boundaries to 
assist the woman (altruistic) behaviour. It could be argued that this man in fact 
became part of a primary group.   
 
COMMENT 102.24 
“The single-minded abandon of Michael Sheehan’s departure ....should have carried him 
clear of the tower by 9:02, but several developments managed to slow him down...When he 
came across a heavy woman...at the 10th floor, Sheehan ....walked down with her ....out of 
the building.”  
Dwyer and Flynn (2004, p.90).  Shows that overtaking occurred so that single-minded 
behaviour may have been initial behaviour but this was placed by altruistic behaviour with 
the large woman whom he assisted for 10 floors until they were out of the building. The 
applicable core consistencies are “You”, “Group” and “Stairs”. Overtaking did occur so 
that Sheehan may have moved through group territories. A group was formed in the stairs 
and on other occasions may have slowed others behind as the group would have occupied the 
stairs. Rest space would have been appropriate and the stairs were not wide enough as 
demonstrated by others (Peacock et al, 2009).  
 
 The 102 Minutes Study also shows the extent to which the groups may 
in fact have been formed by management which was also shown to be the case 
in Building 4 from the Exploratory Case Study. In this instance the groups are 
generally larger (10+ persons) so there may be a greater tendency for group 
members to “peel off”. If management adopts a procedure where the group is 
led and followed by wardens then this may not occur. Cohesion would also be 
a challenge as many of the members would not be immediate colleagues. The 
roles would also be completely different as the wardens may be seen as the 
leaders and decision makers.  
 Altruistic behaviour underpins some of the objectives associated with 
a primary group (Shields et al, 2009) where assisting an individual such as 
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Participant E in the Shields et al Study (2009) may be risky when the other 
members of the Group are not trained. Participant E was a 54 year old female 
with a BMI of 38 who had severe arthritis of the knee and who did no regular 
exercise. Participant E lacked stair confidence because of her fear of falling 
and this most likely would have added to her reduction in speed as well which 
is equivalent to 0.9 storeys per minute or approximately 0.2m/sec. This would 
have slowed the group down which appears to have disbanded somewhere 
else but it does provide a challenge as the other members of the group may not 
have been strong enough to carry her. Perhaps this was the same scenario as 
that associated with Comment 102.24 in the “102 Minutes Study”. 
As previously discussed the most predominant category within the 
“You” (Individual) core consistency was Condition. The “You” or 
“Individual” core consistency was the most predominant in the NY Times 
Blog Study where the respondents were individuals and the theme to do with 
fitness or the lack thereof. The emphasis on Condition within this core 
consistency provides the “cue” to link the discussion for this section on “You” 
or the “Individual” with the Focus Group member responses and to examine 
these in terms of capability or functional ability. Fritz (2009) shows that 
reduced movement speed is the most reliable predictor of functional ability. 
Other studies of ageing and loss of strength are also reflected in slower 
speeds. The ability to walk increased distances (Hulens 2003 and Spearpoint 
and MacLennan 2012) is also a vital factor and needs to be considered with 
the travel speed. The Specialist Focus Group members either have BMI’s > 30 
or are over the age of 45 years so that their functional limitations will provide 
a better context for discussion. 
The “Management” core consistency was the most predominant in the 102 
Minutes Study and provided valuable insights into employee/ employer 
relations especially in terms of the commitment of J.P.Morgan where they 
viewed their employees as their main asset. They were reminded of the 1993 
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Bombing experience and held frequent trial evacuations. Groups naturally 
formed when the wardens sprang into action when convinced there was a 
problem. J.P.Morgan had over 2000 employees and therefore their local 
management/evacuation procedures could override lack of initiative or 
information from the central emergency management organisation. Many of 
the responses from survivors were critical of management so that the impact 
of their decisions and strategy on group formation, provision to be made for 
those with functional limitations and the maintenance of the stair environment 
are extremely relevant. These issues will also be revisited under the Focus 
Group section. 
The “Stair” core consistency was the least predominant. The main 
category within this core consistency dealt with the width of the stairs. Shields 
et al (2009) commented that stairs should be wide enough for navigating by 
those with functional limitations. Stairs in Towers 1 and 2 (Figure 6-7) were 
found to be too narrow (Pauls et al, 2007, and Averill et al, 2005). This 
finding was in terms of flow. Shields et al (2009) recommends 1200mm but 
this would require two handrails for those with functional limitations as 
commented in the “NY Times Blog” responses. It is interesting to note that 
Pauls et al (2007) recommend a wider stair of the order of 1500mm. Once 
again the concern here for those with functional limitations would be reach. 
Participant E’s160 body ellipse is not known although it could be calculated 
from the height and BMI (MacLennan et al, 2008) using data from “CT Scan 
Imaging” spread sheets (Geraghty and Boone, 2003) that would even 
challenge the 1200mm width when Participant E required assistance. This 
would be the case for the person in Comment 102.24 from the 102 Minutes 
Study (Dwyer and Flynn, 2005). There is a real need therefore to resolve this 
issue which is additionally supported by Peacock et al (2012).  
                                                 
160 Refers to Participant E in the Shield et al Study (2009) 
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Figure 6-7: Part view of typical WTC Stair – Content Analysis One 
(Source: Labriola, J., (2003), Walking Forward Looking Back: Lessons from the World Trade 
Center: A Survivor’s Story, Hydra Publishing pp. 41. 
 
6.5.3 Concluding Remarks on Context Analysis Discussion 
 A conclusion cannot be made at this point as the context needs to be 
widened to include the Focus Group results and discussions in the next main 
section. The discussion in this section has summarised the issues to be 
included in the subsequent sections on the Focus Groups. This centres around 
using the descent speed as an indicator of functional limitations (Delphi 
Group advice) and to a certain degree confidence associated with posture and 
balance as demonstrated in the resources model of Horak (2006). 
 
 
 
Additional handrail 
Post at each 
landing 
breaks hold. 
Rails 
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6.6 The Focus Group Studies 1: Benchmark BMI Focus 
 Group 
 There are three Focus Group Studies161 as described in Chapter 3 being: 
 
•  BMI Benchmark Group comprising 10 “young” office workers 
 below the age of 40 years and one 40+ years who undertook a 
 vigorous level of exercise in accordance with the IPAQ (Sjostrom et 
 al, 2005) and was therefore classified as “fit”.   
• “ Larger Figure” Focus Group comprising office workers with a BMI 
 classification of overweight+(WHO, 2011) and who were conversant 
 with trial evacuations being part of a building set up where the 
 emergency control organisation was actively committed to full scale 
 practices and had a limited functional limitation classification 
 procedure in place that encompassed the model put forward by 
 Matheson (2003). 
•  “Mature-Age Office Worker Focus Group comprising office workers 
 with an age over 45 years of age (Kossen and Wilkinson, 2010) from 
 the same building set up as the “Larger Figure” Focus Group. The 
 BMI of this group varied as age was the sole criterion. 
 
 The “BMI Benchmark” Focus Group comprised observers from the 
2008-2010 case studies so that they were immersed in the gathering of data and 
were conversant with respondent occupant trial evacuation behaviour and stair 
use. The two other focus groups were selected from workers in the Sydney 
                                                 
161 The three focus groups that represent the spectrum of performance according to the literature 
according to Ayis et al and which will provide comparative data on descent speed as an indicator 
f functional limitations. The benchmark group is of young adult office workers who are fit as 
measured under the IPAQ system (Sjostrom et al, 2005) 
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Building M6, one of the buildings studied in Cycle PDSA 3 of the 2008-2010 
Case Study. A validated self reporting survey form as part of the questionnaire 
integrating the IPAQ Short Form (Ottevacre et al, 2011 and Sjostrom et al, 2005) 
was used to gather further information so as to make the results more comparable 
with that from the PDSA Cycle 3 of the2008-2010 Case Study. A BMI 
Benchmark Focus Group provides a better view of the context when reviewing 
similar recent studies connected with the WTC 9/11 incident and associated 
research programmes (Galea et al, 2008 and 2008a; Peacock et al, 2009; Jiang et 
al. 2012; Boyce et al, 2011 and Peacock et al, 2012) when looking at actual 
descent speeds as opposed to those masked by extensive delays or density. 
 
6.6.1 Introduction 
 There were two sites for the BMI Benchmark Group162. The first was a 
20 storey office building in Christchurch, NZ with scissor stairs (Figure 6-8). The 
second was the 32 storey office building which is Building M6 in the 2008-2010 
Case Study.  
 Each member of the group recorded their descent on a Dictaphone. The 
participants were fit with their fitness having been measured using the IPAQ 
system (Sjostrom et al, 2005). There were a total of five in the Christchurch 
group and five in the Sydney group (total of ten members in the BMI focus 
group).  
 
 
  
 
                                                 
162 The buildings were selected as being representative of the 2008-2010 case study building profile. The Christchurch 
building was 20 storeys which was less than the 25 storey measure of 50% of the population in the Exploraory Case Study 
and also representative of Building M4 and the other being M6 which was one of the highest buildings in the case study. 
Also two sites were used because of the dofferent types of stairs in terms of the number of turns per storey. 
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Diagrammatic Plan view - Stair One 
CALCULATIONS 
Storey height = 19X 190mm = 3.610m 
Distance traversed = 9.058m per storey / 244.6m 
Total traversed height to level 5 = 97.470m 
  
 
 
 
 
 
 
 
 
Figure 6-8: Diagrammatic Plan View of Stair 1 Christchurch Building (Represents M4) 
 
  
 
 
 
 
 
 
 
 
 
 
 
Figure 6-9: Stair One Building M6 
  M6 was used for the Sydney Group of 5 members. Stair 1 (Figure 6-9) 
was the stair selected and represented a steep stair of 370. Rich views (Templer 
1992) provided a distraction through the wide void and there were four changes 
in direction per storey as compared with one in Christchurch building.  
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 The 5 group members were all fit being assessed as before. One member 
of the group was over the age of 40 years but played tennis and exercised 
regularly 
 Results are presented in the subsequent subsections for their use as the 
benchmark. 
6.6.2 Results From Observations and Dictaphone Recordings 
Results are presented for each site comprising: 
 
• Table of individual characteristics gathered from completed 
questionnaire. 
• Table of stair descent times and speeds on a storey by storey basis – 
mean speeds are shown so that they can be compared directly with 
other studies in the discussion section.  
• Regression of no. storeys coped vs. fitness level.  
Christchurch Site 
 
Table 6-4: Christchurch Site – Individual Characteristics                  
(R2=0.72 with a reasonable level of significance <.01) 
 
  Table 6-4 above shows the intrinsic characteristics of the five members 
of the Christchurch BMI Benchmark Focus Group. The participants are all male 
and below the age of forty five years. Participant three is classified as obese but 
this is due to a muscular stature gained as a result of playing competitive rugby 
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league. Participant four has a shoe size of UK 13. All waist circumferences are 
less than 900mm which is a more meaningful measure than BMI (Serrano-
Sanchez et al, 2010) as it takes into account adiposity163. 
 The following factors may influence the individual descent times: 
 
•  Knee injury from sport for participant 3. BMI not seen as an issue 
because waist circumference was less than 900mm. 
• Participant 5 did not exercise and had reduced vision. 
• Participant 4 had size 13 (UK) feet which prevented him from facing 
front on when going down the stairs.  
 
 
Table 6-5: Christchurch Site Descent Speeds 
 
                                                 
163 Loosely defined as “fat” distributed around the central region of the body> The person is 
obese. 
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 The results in Table 6-5 above do not reflect the functional limitations 
mentioned under the bullet points in the previous paragraph. Participant 5 was 
however the slowest (196 seconds) so that there was some impact due to possible 
lack of fitness and reduced vision. Descent speeds ranged from 0.77m/sec at the 
start, “learning the stair”, increasing to a peak of 0.94m/sec over the mid-levels 
down to 0.84m/sec due the onset of fatigue. Participant three did not show any 
major signs although the knee injury did slow the descent from level 8 onwards 
although he made the comment about the pain at level 6.  
 
  
 
  Number of storeys traversed 
    
 
Figure 6-10: Christchurch Site – Distribution of Descent Speeds164 
 
                                                 
164 Trendline shows a general slowing down.  
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Figure 6-11: Christchurch Site – Stair Descent Chart  
 Figure 6-11 shows two clusters of descent times. The cluster with the 
shortest times varies from 153 seconds for participant 4165 to 158 seconds for 
participant 3. The latter was prepared to work through the pain for the last seven 
storeys.  
 The trend line in Figure 6-10  shows a general slowing down across all 
five participants which is consistent with the Sydney Sub Group (speed = 
.0095x(distance traversed) + 0.9485). This equation accounts for 58% of the 
variance. This also agrees with observations made by Shields et al (2009) 
although these observations related to people with a number of functional 
limitations. The number of storeys in this situation was 20 which will be shown 
in the 2008-2010 Case Study to be an apparent limiting barrier for many with 
functional limitations. 
                                                 
165 Foot size did not pose any problems with placement due to the tread size being 300mm 
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Sydney Site 
  
 
Table 6-6: Sydney Site – Intrinsic Characteristics                   
(R2=.611 with a reasonable level of significance <.01) 
 
Table 6-6 shows some relevant physical individual characteristics for the 
five members of the Sydney BMI Benchmark Sub Group. There are two female 
and three male participants. All participants except for one male are below the 
age of 40 years. Participant number four does not exercise regularly. Participant 
number two has a BMI that is classified as overweight and yet undertakes a 
vigorous exercise regime as designated in the IPAQ short form (Sjostrom, 2005). 
She does have asthma. Participant one has large feet (UK 12). All waist sizes are 
well under 900mm for males and 800mm for females which is a more 
meaningful measure than BMI (Serrano-Sanchez et al, 2010) on the basis of 
adiposity.  
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Table 6-7: Sydney Site Descent Times and Speeds 
Table 6-7 shows the descent times and speeds for the 32 storeys. Points of 
interest are: 
 
• Participant one undertook a vigorous exercise regime, had a BMI of 
25.5 and a waist measurement less than 900mm. His average descent 
speed was 1.26m/s as compared with the 1.2m/s presented by Shields 
et al (2009) and Fahy and Proulx (2001). 
• Participant two also undertook a vigorous exercise regime but has 
asthma. She has an 800mm waist measurement but no signs of adipose 
tissue. Her descent speed was the slowest at an average of 0.69m/s and 
was actually overtaken by participant three although starting 60 
seconds later. Her comments on the sound file indicate problems in the 
vicinity of level 24.  
• Participant three undertook a vigorous exercise regime regularly 
playing netball. Her waist measurement was less than 800mm. Her 
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descent speed was the second fastest out of the group at an average of 
1.01m/s and she overtook participant two. 
• Participants four and five, both male, were almost completely identical 
in physical characteristics and although participant four reported that 
he did not exercise regularly his descent speed did not decrease with 
distance whereas participant five seemed to tire from level 16 
downwards. No reason was provided for this either on the 
questionnaire or from his comments on the sound file. 
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Figure 6-12: Sydney Site Descent Times 
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  Number of storeys traversed 
  
 
 Figure 6-13: Sydney Site Descent Speeds 
 As shown in and Figure 6-12 and Figure 6-13 the variance in descent 
speeds may reflect the functional limitation of participant two. The overall trend 
in descent speeds is a slowing down due to the number of storeys (descent speed 
= 0.0032 no. storeys + 0.8449). This only accounts for 38.44% of the variance 
which is still moderately significant (p<.05). Once again this matches comments 
made by Shields et al (2009) in terms of slowing down although their comments 
are made in the context of those with functional limitations. 
  When the results from Figure 6-14 are examined across the two sites the 
trend line equation alters slightly with the descent speed = 0.0027*no. storeys + 
1.057 but it still indicates a small reduction in speed related to distance or height 
traversed. Overall the benchmark trend is still between 1.00 and 1.2m/sec which 
is in line with those suggested by others (Shield et al 2009 and Fahy and Proulx, 
2001). The results of the survey for both the Sydney and Christchurch BMI 
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Benchmark Sub Groups are presented in the next sub section, “Combined BMI 
Benchmark Group Questionnaire Ratings”. 
 
 
Descent speeds Benchmark Group
y = 0.0027x + 1.057
Trendline equation
0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
G 2 4 6 8 10 12 14 16 18 20 22 24 26
D
es
ce
nt
 s
pe
ed
 m
/s
ec
C1
C2
C3
C4
C5
S1
S2
S3
S4
S5
Linear (C1)
 
  Number of storeys traversed 
 
Figure 6-14: Combined Descent Speeds 
 
 
6.6.3 BMI Benchmark Survey and Discussion Results 
 Refer to Figure 6-8 and Figure 6-9 for the details of the stairs for the two 
sites. The Sydney stairs are poor in terms of pitch, width of tread, legibility and 
availability of suitable handrails. Another possible problem with the Sydney stair 
already mentioned above is width of the void between the flights in terms of 
“rich views” (Archea et al, 1979). On the other hand the Christchurch stairs are 
seen as being reasonably comfortable and legible with two handrails and a 
minimum number of turns per storeys. 
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 BMI Benchmark Group Me mbers Stair Descent Experience Schedule 
Participant 
Element 
S*1 S*2 S*3 S*4 S*5 C*1 C*2 C*3 C*4 C*5 
Health 
Condition 
None Asthma  None Poor 
Vision 
None None None Knee 
cartilage 
None None 
Falls None None One None One None None None None None 
Handrail 
easy 
1 2 1 1 2 1 4 1 1 1 
Step 
legibility 
2 4 1 1 2 1 2 1 2 1 
Too Steep 5 2 5 4 5 4 5 4 5 4 
Narrow 
tr eads 
2 2 4 4 4 4 1 5 2 2 
Too many 
flights 
5 5 5 5 5 5 2 4 4 5 
Lower limb 
discomfort 
5 5 5 1 4 5 2 2 2 5 
Fear of fall 4 5 5 5 5 4 5 4 5 5 
Dyspone a 5 5 4 5 5 5 5 2 5 5 
Chest 
discomfort 
5 5 5 5 5 5 5 5 5 5 
Fatigue 5 5 5 4 5 5 5 2 4 5 
S = Sydney test; C = Chr istchurch tes t;  Scale: 1= strong ly agree; 2= mildly agree; 3= neutra l; 4= mildly disagree; 5= stron gly disagree 
 Pa rticipan t S1, male, with  s ize 12  shoes fo und steps too n arrow so th at he placed  feet at 450  
 Participant S2, female with size 8 shoes found steps too narrow, steep and illegible after while  
 Participant C2, male with size 9 shoes found 300mm treads too small and had sore knees 
 Participants  C4, male, s ize 10 shoes found 300mm treads too small/ calves  hurt and C5, male with size 13 shoes  found 300mm treads  too 
small. 
Legend  
and 
comments 
 
Table 6-8: BMI Benchmark Focus Group Questionnaire and Discussion Responses 
The responses from the Group are summarised in Table 6-8 above. The 
following triangulation comments are made using the comments from the 
completion of the IPAQ questionnaire by the members of the group: 
 
• Christchurch Stairs 
o Handrails did not agree they were easy to use. No functional 
limitations. Most stated lack of contrast. 
o Step legibility – all were in agreement. 
o Too steep (32.330) – most disagreed so that pitch was 
acceptable. 
o Treads too narrow – 3 out of 5 participants agreed and this 
triangulates well with the minimum shoe size of the group 
which was a UK 9. Other two participants were satisfied and 
their shoe sizes were less than 9. 
o 4 out of the five participants thought that the number of flights 
were manageable which seems to agree with the 20 storey 
barrier found in the Exploratory Case Study. 
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• Sydney Stairs: 
o Handrails – only one set provided and all agreed that it was at 
the right height and was graspable. This included participant 
two who used them. 
o Step legibility – 4 out of 5 were in agreement but participant 2 
with the asthma did not agree. Lack of contrast in assessment.  
o Too steep (37.330) – only participant 2 agreed with this which 
does not support the scale in the New Zealand Compliance 
Document D1 (DBH, 2006, p4). AS 1428.1:2009166 would 
partly support participant 2 being the Australian Access 
Standard.  
o Treads too narrow – 2 out of 5 participants agreed and this 
triangulates well with the maximum shoe size of the remaining 
group being UK 9. Participant 2 was concerned with foot 
placement but her foot size was not the issue. Participant 1 had 
size UK12 shoes but also the fastest descent rate. He still had 
problems with foot placement. 
o As would have been expected 32 storeys was acceptable 
except that participant 2 would most likely require places to 
rest because of the asthma. This is merely an observation. 
 
 In line with the aim for “the number of storeys that participants could 
cope with” correlated with their IPAQ exercise ratings (Sjostrom et al, 2005) the 
findings for the BMI Benchmark Sub Groups are: 
 
• Christchurch – R2=0.72 and p<.05 so that exercise rating for this group 
could predict 72% of the variance of number of storeys. 
                                                 
166Standards Australia (2009)  
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• Sydney - R2 = 0.6 and p<.05 so that exercise rating for this group could 
predict 60% of the variance of the number of storeys. 
 
 These results are only for small samples with a moderate level of 
significance. Adjusted R2 values would be less. The only support may be found 
in the slowing down in descent speeds as a direct function of the number of 
storeys (distance traversed) summarised in Figure 6-14. As far as the BMI 
Benchmark Group is concerned the critical issue is the width of the treads 
followed by the pitch of the stairs. This may alter for the Fuller Figure and 
Mature Age Focus Group which may be found in the next section.  
 
6.7  Focus Group Study 2 – Fuller Figure 
6.7.1 Introduction 
The office building from which the two specialist focus groups (see next 
section for the Mature Age Focus Group Study) were drawn from was Building 
M6 of the 2008-2010 Case Study. It was not possible to measure descent speeds 
for the members of these two groups for health and safety reasons. The descent 
speed was calculated from a walking test based on the work of Reiner et al 
(2002) and Fujiyama and Tyler (2010). A walking test was of 40m was applied 
which was converted to represent an average stair descent speed from studies on 
the relationship between the walking speed and descent speeds (Reiner et al, 
2002 and Fujiyama and Tyler, 2010)167. There is no doubt that fatigue could be 
taken into account based on the distance travelled using the same basis as 
suggested by Spearpoint and MacLennan (2012). This approach approximates 
that used in the six minute walking test which shows up the impact of functional 
limitations including fitness (Hulens et al, 2003). 
                                                 
167Triangulated with the author’s own stair descent speed  
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6.7.2 Results – Coding of Initial Comments 
 
Note: Compared with the comments under Content Analysis these comments refer to the 
individual themselves specifically and therefore will complement the Content Analysis Discussion 
because of the members’ perception of themselves. 
The initial comments from the Fuller Figure Focus Group Members may be 
found in Table 6-9 to Table 6-12 below168: 
Table FF 1  YOU ELEMENT  
Participant Condition Element 
No. Gender (Coded) YOU You/ 
Others 
Stairs Any/ 
else 
Comment 
A (J) F Knee 
 
   • Knee reconstruction 
• Often tired 
• Often stressed 
B(W)  M 0 
 
   • Nothing to add 
C(L) M Reduced 
Vision  
   • Wrinkled retina – difficulty with depth perception – 
blurred vision 
• Difficulty locating steps 
• Last step in each flight – trips 
• Lack of step marking causes problems 
D(M) M Knees/ 
Height/large 
feet 
 
   • Big feet – difficulty with small steps 
• Crabs down stairs – relies on handrails for stability 
• Sore knees but can withstand pain – limit in no. storeys 
• Lot slower after say 15 storeys 
E(?) M Not fit 
Arthritis  
   • Extremely unfit  
• Arthritis in knees which compromises no. of storeys 
that he can evacuate 
F(K) F Weak ankles 
 
   • Heels cause her problems 
G((N) F Weak ankle 
Reduced 
vision 
Cognitive 
 
   • Footwear problems – especially heels 
• Weak ankles – keeps turning over 
• Multi focal glasses – difficulty in locating steps 
• Orientation – needs signage / landmarks 
H(G) M DOMS in 
Calves 
Reduced vision 
 
   • Damaged calf muscles downhill running when younger 
• Heats up quickly – fatigue – not fit 
• Falls on steps – difficulty locating – fall at main station 
  
Table 6-9: Initial Comments Schedule FF1 – Individual (YOU) Core Consistency 
                                                 
168 The tables of comments are inserted at this point so that they can be read in conjunction with 
the summary Ishikawa Chart in  
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Table 6-10: Initial Comments Schedule FF2 – Group (YOU&OTHERS) Core Consistency 
Note: Under every comment made against specific individual members there is a theme of self 
focus as opposed to the Content Analysis Studies. They are to do with being embarrassed as a 
slow mover and/or falling, tiring because of having to keep up with the group, and having vision 
of stairs reduced because of the presence of others. The difference is most likely because these 
occupants feel somewhat vulnerable due to their functional 
Table FF 2 YOU AND OTHERS 
Participant Condition Element 
No. Gender (Coded) YOU You/ 
Others 
Stairs Any/ 
else 
Comment 
A(J) F Knee  
 
  • Being held up by slow movers – increases stress 
• Crowding creating undue delays as above 
B((W) M 0  
 
  • None 
C(L) M Reduced 
Vision 
 
 
  • He is slow walker embarrassed at holding others up – 
stresses him no end – actual fear 
• Scared holding up fire-fighters 
• Also slow mover because of vision problem 
D(M) M Knees/ 
Height/large 
feet 
 
 
  • Being held up initially by slow movers 
• Annoyed by noise and delays due to people talking in 
groups 
E(?) M Not fit 
Arthritis 
 
 
  • Very slow mover – stressed by not being able to keep 
up with group 
• Easily fatigued – no. of storeys due to having to keep 
up with group. 
F(K) F Weak ankles  
 
  • People not focussed on what they are doing and 
causing confusion within group / others 
• Could instil panic amongst group in emergency 
G(N) F Weak ankle 
Reduced 
vision 
Cognitive 
 
 
  • Embarrassed / stressed as she would hold others up – 
potential for fall with weak ankle 
H(G) M DOMS in 
Calves 
Reduced vision 
 
 
  • Crowding – having people too close so you can’t see 
the stairs – increases risk of falling – others falling. 
• Also when others do not care about his problems 
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Table 6-11: Initial Comments Schedule FF3 – STAIRS Core Consistency  
 
Table FF 4 ANYTHING ELSE 
Participant Condition Element 
No. Gender (Coded) YOU You/ 
Others 
Stairs Any/ 
else 
Comment 
A(J) F Knee     • Crowding not going anywhere 
B((W) M 0     • Nothing to add 
C(L) M Reduced 
Vision 
    • Body odour etc. and lack of ventilation etc. 
D(M) M Knees/ 
Height/large 
feet 
    • Time taken to get back into building when a trial 
• Trying to get in touch with loved ones in a real 
emergency on mobile phone when no reception – 
increased stress 
E(?) M Not fit 
Arthritis 
    • Are other systems available such as elevators? 
F(K) F Weak ankles     • Good procedures to stop excessive queuing – phased or sequential evacuation so that floors cleared in sequence 
and numbers within stairs kept to a minimum.  
G(N) F Weak ankle 
Reduced 
vision 
Cognitive 
    • See Stairs for overtaking lane suggestion 
H(G) M DOMS in 
Calves 
Reduced vision 
    • No additional comments 
  
Table 6-12: Initial Comments Schedule FF4 for Anything Else 
 
 The comments from the above tables are summarised in the Ishikawa 
Chart (Figure 6-15) below: 
 
Participant Condition Element 
No. Gender (Coded) YOU You/ 
Others 
Stairs Any/ 
else 
Comment 
A(J) F Knee   
 
 • Needs handrail to feel more confident 
• Signage to each level for orientation 
• Marking on steps for legibility 
B((W) M 0     • Not wide enough between handrails 
• Treads too narrow  
• Stair design has not changed with body shape and foot 
size 
• All elements (steps/ handrails/walls) same grey colour 
– orientation – need to know level and direction of 
travel / impact on falls/  
• Vital safety elements such as edge of treads and 
handrails should be highlighted 
• Must avoid ‘whiteout’ for reasons of the above and 
also if smoke penetrates stairwell 
• Wallpaper effect 
C(L) M Reduced 
Vision 
    • Poor edge delineation of steps – wallpaper effect 
• Whiteout effect where handrails and steps not marked  
• Where does each flight stop and start? 
 
D(M) M Knees/ 
Height/large 
feet 
    • Stairs too steep and treads too small 
• No variation in direction – repetitive turning – 
wallpaper effect compounded – dizziness 
• Disorientation with no signage / whiteout etc. 
• Very noisy – echoing from talking in groups – very 
intimidating will increase further with pressurisation 
fans and alarms 
• Temperature – e.g. in Adelaide was 460C 
E(?) M Not fit 
Arthritis 
    • No space provided on landings for resting 
• No space provided for overtaking - stairs  
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YOU
Artthritis – Knees  ( 90%) (H)
Reduced Vision  (67%) (H)
Weak Ankles  (25%) (H)
Orientation – vertigo (H)
Large Feet – Tall (H)
Unfit breathless (H)
Weak calves (DOMS) (H)
Footwear problems
Orientation stress (signage – level 
no.
Falls history
Held up other slow movers
Slow walker embarrassed holding others up –
stress – needs rest
Slow walker lack of confidence, falls , 
reduced vision – others increase 
urgency
Stress due to noise and delays 
because of groups – internal 
talking
People not focused or not      
aware of procedures    
confusing others
Scared of falling and 
affecting others etc.
Crowding – cant locate 
steps
YOU
AND
OTHERS
Handrail to increase confidence / falls history
Handrail support as crabbing –
Treads far too narrow
No contrast – all elements same 
colour
Stairs too steep
No of turns/ storey highly
repetitive – compounded 
by lack of contrast
No ventilation – too 
hot
No space for resting
No space for overtaking 
No signage 
- disorientation
Edge of treads 
not highlighted     
incl. handrails
Elevators should be designed for           
evacuation
Procedures critical – awareness
Management effectiveness
Evacuation strategy 
THE 
STAIRS
OTHER
MANAGEMENT 
/MAINTENANCE
 
Figure 6-15: Summary of Fuller Figure Initial Comments  
 
The Ishikawa Chart was used as the prompt for the focus group 
discussions. Each branch (core consistency) will now be discussed in a separate 
subsection. The comments from Figure 6-15  are summarised in the subsequent 
four subsections. 
 
6.7.3 Individual (YOU) Core Consistency 
 The number of functional limitations normally associated with obese 
persons was mentioned as arthritis (knees), weak ankles, dyspnoea, and falls. 
Fitness was also mentioned. This is not a comprehensive list by any means when 
compared with those summarised in Chapter 2 from Booth et al (2002). The three 
female members all have waist measurements of 900mm+ and five out of the six 
males had waist measurements over 1000mm. This is seen to be a more reliable 
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measure of fitness (Yancey et al, 2008) as the waist is where adipose tissue is 
normally distributed. The measurements show a group where the waist 
circumferences coincide with the recorded BMI. Note the majority of  
Questionnaire responses completed separately from the focus group session add 
cardio-vascular conditions and unspecified mobility issues most likely linked to 
the participant’s BMI of 40, waist measurement of 1200mm and fatigue. This 
participant mentioned that she could only cope with 20 floors. Falls history is 
shown but this also includes fear of falling applying to four out of the nine 
members. Vertigo and dizziness were mentioned during discussion and the 
members concerned linked this to their fear of falling.  
 The “rich view” of the stairwell void was mentioned by the members 
reporting the vertigo and dizziness problems. One of these participants 
mentioned that she could only cope with a total of 10 storeys. Muscle fatigue 
associated with the lower legs was mentioned for a few of the participants but not 
considered a major limitation. The details are summarised against the 
participants concerned in Table 6-13. None of the group members reported 
problems with hypertension such as those persons reported on by Shields et al 
(2009) which is quite often associated with obesity (Booth et al, 2002). 
 
 
Table 6-13: Fuller Figure Descent Speeds and Individual Characteristics 
 In order to provide guidance for the interpretation of the results from the 
surveys and observation associated with buildings M1-M6 in Case Study 2008-
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2010 and also the Aim of the PhD Study stair user performance should be related 
significantly to waist circumference. The actual level of significance is only 
moderate (p<.05) and R2 = .21 for a polynomial relationship (y= 0.383x2 + 
10.232x + 1079.7) where y is the waist circumference in millimetres and x is the 
number of storeys. 
 The impact of distance travelled using the BMI Benchmark trend lines 
will be discussed in a subsequent section where the outcomes of the two focus 
groups are compared. 
 
6.7.4 The Group (YOU & OTHERS) Core Consistency 
The note below follows under Table 6-10: 
 
 “Under every comment made against specific individual members there is a 
theme of self focus as opposed to the Content Analysis Studies. They are to do 
with being embarrassed as a slow mover and/or falling, tiring because of having 
to keep up with the group, and having vision of stairs reduced because of the 
presence of others. The difference is most likely because these occupants feel 
somewhat vulnerable due to their functional limitations.” 
 
The members of the group focus on themselves as compared with those 
mentioned in Content Analysis Studies One and Two. In doing so, they provide 
some valuable answers to the Research Questions mentioned in Chapter 1 
dealing with group compliance. The members’ concern was that as slow movers 
they were embarrassed (50% of the group members). The comments were that, in 
attempting to travel at a faster speed than they are comfortable with, they tire 
more easily and increase their risk and fear of falling169. These members were 
obese and studies show that this condition also interferes with balance (Al-
                                                 
169 This finding is extremely significant and is used to explain results of surveys of occupants of 
buildings M1-M6 In Chapter 7 
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Abdulwahab, 1999). Another vital issue is the impact of others in obscuring the 
steps and increasing the risk of falling for others.  
There is also concern based on previous trial evacuation experience that 
not all the members in the group are concerned about others in the group. Here is 
an example of partial agreement with the NY Times Blog Study where non-
altruistic behavioural attitudes were present even although this was less than 8% 
of the responses. Intergroup influences due to the lack of familiarity with 
procedures or focus caused confusion between groups on the stairs. There is no 
information here for the impact of the group on descent speeds where other 
studies in progress show the impact internal group communications can cause the 
same degree of slowing as tiring (MacLennan, 2011a) and/or delay. 
 
6.7.5 The “STAIRS” Core Consistency 
This section analyses the results presented in Table 6-11 
Foot placement is the first issue as one of the members wears a size 
UK12 whilst four out of the nine members wear a shoe size greater than UK9. 
The resultant toe overhang would have been greater than 40mm. Four out of the 
five participants confirmed their concern with the width of the treads (260mm). 
They mentioned that another problem with foot placement was the 
legibility of the steps and the landings. The lack of contrast between surfaces and 
handrails hampered their orientation, locating the handrails for support and 
locating the steps. This could heighten the fear of falling in a group who were 
already predisposed that way. Reduced vision was also associated with foot 
placement because of problems with depth perception. 
 The width of the stairs suggested by other studies as a critical factor 
(Peacock et al, 2009 and Pauls et al, 2007) was found to concern four out the 
eight group members. The concern was to allow others to overtake and to 
provide a place for resting. 
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 The most significant collection of comments concerned the constant 
“downward spiral” and that this is exacerbated by the number of turns per storey, 
the width of the void and the lack of contrast between surfaces. It was the 
group’s unanimous opinion, given their predisposition to falling, that this 
problem should be and could be remedied by Management. A single handrail 
also did not help as not everyone could reach it. Signposting as to levels, 
providing contrasting surfaces, marking the edges of each step and adding 
contrasting handrails are all examples of improvements. 
 
6.7.6 Management and Maintenance Core Consistency 
This core consistency was noted under “Anything Else” by most 
members of the group. In doing so they emphasised the importance of the 
procedures. Other significant responses were: 
 
• Good maintenance to provide adequate ventilation and illumination. 
• Those who are not suited to stairs should use elevators especially when 
there is a tried and tested procedure in place that is frequently 
practised with the Fire Service. 
• Have a strategy that avoids excessive queuing and the associated stress 
such as sequential evacuation. This comment was made even with the 
concern with the resultant faster descent speeds (keeping up with the 
group). 
• Widen the stairs and include an “overtaking” lane. Comment only 
made by one member and not taken up by others 
 
 The issue of occupant suitability for stair use was raised in this focus 
group as it was in the Content Analysis Studies. Maintenance in terms of 
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adequate ventilation and illumination was also consistent with the Exploratory 
Case Study in Chapter 5. 
6.8 Mature Age Focus Group Study 
 The main 2008-2010 Case Study shows that age does not correlate 
significantly with fitness/ obesity and other functional limitations. This Focus 
Group Study will be used to place this finding in context and even help to clarify 
it. Also consult Table 6-19 and Figure 6-17 for this entire section for comparison 
with the Fuller Figure Focus Group results. 
6.8.1 Results - Initial Comment Schedules 
 The initial comments coded from the mature office worker (MOW) 
sessions are presented in Table 6- 14 to Table 6-17170 below: 
 
 
 
 
Table 6- 14: Initial Comments Schedule MOW 1 – The Individual (YOU) Core Consistency 
                                                 
170 These tables are inserted at this point to be read with the summary Ishikawa Chart in Figure 6-16 
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Table 6-15: Initial Comments Schedule MOW 2 – Group (YOU & OTHERS) Core 
Consistency.  
 Note: Under every comment made against specific individual members there is a 
theme of self focus as opposed to the Content Analysis Studies. They are to do 
with being embarrassed as a slow mover and/or falling, tiring because of having 
to keep up with the group, and having vision of stairs reduced because of the 
presence of others. The difference is most likely because these occupants feel 
somewhat vulnerable due to their functional limitations. 
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Table 6-16: Initial Comments Schedule MOW 3 – STAIRS Core Consistency 
 
 
Table 6-17: Initial Comments Schedule MOW 4 (Anything Else) 
 
The outcome of Table 6- 14 to Table 6-17 is summarised in the Ishikawa Chart 
below: 
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Figure 6-16: Summary of Mature Age Comments 
 
 The Core Consistency on each of the branches in the above Chart (Figure 
6-16) will be analysed in the next four subsections. The functional limitations 
and associated descent speeds are shown in Table 6-18. The range of descent 
speeds will be compared with other studies in a subsequent section as the 
comments from this group about travelling at a fast speed increasing the fear and 
risk of falling is similar to those from the Fuller Figure focus group. 
 
Mature Age Focus Group > 45 years
Individual characteristics and storeys coped.
Participant No. Name Gender m/sec. Age Height Mass Waist BMI Shoe Size Storeys Coped Adj St Desc Spd.
1 NA  Male 0.36 53 1752 60 800 20 8 30+ 0.36 max
2 NA Male 0.34 61 1854 108 1150 32 10.5 15 0.34
3 NA Male 0.35 59 1700 105 1020 36 8 16 0.35
4 NA Male 0.28 63 1800 118 1200 36 9 20 0.28 min
5 NA Male 0.34 50 1750 96 940 31 10 32 0.34
6 NA Female 0.32 56 1626 70 750 26 7.5 19 0.32
7 NA Male 0.34 52 1840 86 910 25 9 40 0.34
8 NA Female 0.30 58 1676 62 762 22 6.5 25 0.30
Participants 4 and 5 indicated fear of falling and participant 4 reported actual incident of trial evac fall 0.33 mean  
Table 6-18: Mature Age - Descent Speeds and Functional Limitations   
(R2=0.378 with a moderate level of significance <.05 where there is a polynomial relationship as 
before.) 
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Although the relationship between waist circumference and estimated stair 
descent capability is only moderately significant it is supported by the reduced 
descent speed (compared with minimum of 0.6m/sec for the BMI Benchmark 
Group) and enhanced by the comments. 
 
6.8.2 The Individual (You) Core Consistency 
 The conditions recorded from the survey for this group include vertigo / 
dizziness, balance disorder, arthritis in the knees, fitness, cardio-vascular 
condition, reduced vision (depth perception), footwear issues, orientation issues, 
and five out of the eight members have a fear of falling. The latter is very much 
exacerbated by the illusions created by the width of the void and the repetitive 
downwards spiralling movement compounded by the number of turns (similar to 
the Fuller Figure Group). The impact of these conditions is confirmed in Table 6-
18 following their anticipated reaction to the stairs from previous trial 
evacuations. 
 Three out of the six male members had a waist circumference over 
1000mm and one with a circumference of 1200mm. This male person also 
recorded the slowest descent speed and could cope with the least number of 
storeys and fell during the actual trial. The incident involved the person coming 
to rest on the ground satisfying the definition of a fall by Tinetti et al (1988). 
This person also reported that the maximum number of storeys they could cope 
with was 20. The maximum descent speed was 0.36m/sec, the mean 0.33m/sec 
and the minimum 0.28m/sec. In attempting to develop a suitable measure of 
occupant stair performance, which underpins the Aim of the PhD Study, waist 
circumference can only predict 38% of the variance of the estimates that 
members make of the number of storeys they think they can cope with. This is a 
slightly stronger relationship than for the Fuller Figure Group (see Table 6-13) 
but it is still only moderately significant (p<.05). 
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  Fuller Figure and Mature Age Survey Stair Perception
0
1
2
3
4
5
6
MA1 MA2 MA3 MA4 MA5 MA6 MA7 MA8 FF1 FF2 FF3 FF4 FF5 FF6 FF7 FF8 FF9 FF10
Participant
r
a
t
i
n
g
 
1
-
5
Handrail easy
Step legibility
Too steep
Narrow treads
too many flights
ELEMENT MA1 MA2 MA3 MA4 MA5 MA6 MA7 MA8 FF1 FF2 FF3 FF4 FF5 FF6 FF7 FF8 FF9 FF10
Health Condition none arthritis/knees heart/vision arthritis/knees heart/arthritis injury/dizzy# vertigo## dizzy* mobility*** none heart asthma/arthritis strength balance/mobility^ diabetes etc. gait impair
No. Falls one none none one** none none none none none none none none none none three 3###
Handrail easy 1 1 2 4 1 1 1 1 1 1 1 1 1 1 5 1
Step legibility 1 1 2 4 1 1 2 1 1 1 1 1 1 1 4 5
Too steep 5 5 1 4 2 2 2 4 4 2 2 2 4 4 1 4
Narrow treads 5* 5* 4 4 2 4 2 4* 4 2* 1* 1 4 4 1 4
too many flights 5 4 2 1 4 4 4 2 4 5 1 2 5 2 1 2
Lower limb discomfort 1 2 2 1 2 1 2 1 2 4 1 2 2 1 1 2
Fear of falling 5 4 2 1 2 4# 2## 2* 4 5 2 2 5 4 1 2###
Dyspnoea 2 2 2 1 4 4 2 2 2 5 1 2 5 1 1 2
Chest discomfort 4 5 4 3 4 4 4 4 4 4 2 4 5 4 1 4
Fatigue 5 2 2 2 2 4 1 1 2 2 1 2 2 1 1 2
* Participant MA1 had size 8 shoes and would have been able tp place foot on the tread; Participant MA2 had 10.5 shoes and would not have been able to face front on. MA8 as per MA1 as further example. 
*FF2 has size 11 shoes & could not face front on. FF3 has a shoe size of 10.5 and would have problems facing front on with a waist measurement of 1200mm. FF5 has a shoe size of 10..
* *Participant MA3 fell during an actual trial evacuation
#P articipant MA 6 has problems with her balance after 20 floors based on previous trials LEGEND 
## Participant MA7 still plays some sport but suffers from vertigo and reacted to the wide well AND
*** This participant has a BMI of 40 and can only cope with 20 floors. She has a 6.5 shoe size and can face front when going down the stairs  NOTES
^ FF7 can only cope with 10 storeys - implying balance problems thereafter - not fit or strength problems
### FF10 has severe problems with stepping and depth perception/ foot placement
FF4 transferred to the Mature Age Focus Group
FF8 did not complete a questionnaire
PARTICIPANT NUMBERS
 
Table 6-19: Fuller Figure and Mature Age Survey Data 
Figure 6-17: Vertical Bar Chart of Mature Age and Fuller Figure Perceptions 
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6.8.3 The Group (You and Others) Core Consistency 
 There was some difference to the response from the Fuller Figure Group 
mainly concerning embarrassment in slowing down a group. This concern was 
mirrored in a fear of crowds and holding up the group. They were concerned that 
had to go down at a faster pace than they were comfortable with. Members did 
complain about others in the group obstructing their view of the steps and that 
this added to their fear of falling. The net outcome is still the same as the Fuller 
Figure Group. 
 Noise of chatter between members of other groups disrupted their focus. 
This noise could also cause confusion when it was legible and showed that the 
other groups did not know what they had to do.  
 There was a mention made of the footwear of other members especially 
when the footwear was loose fitting. Sometimes being in close proximity to 
others could result in a fall if the loose footwear was detached from the foot of 
the person in front. This comment was not taken up by other members in the 
group. 
 Otherwise the findings are similar to the Fuller Figure Group. 
 
6.8.4 The STAIRS Core Consistency 
 Treads were found to be too narrow by two out of the eight of the 
members. This concern only corresponded with a shoe size being in excess of 
UK9 in one instance. Three out of the eight members thought that 370 was too 
steep for a set of stairs. When steep stairs are coupled with the wide void, the 
continuous downwards spiral and the lack of contrast between surfaces and 
legibility of steps it creates an environment that triggers fear of falling. When 
others obstruct the view of the steps this makes the problem even worse. 
 Constant turning (4 times a storey) can cause severe pain in a person’s 
knees, quadriceps and hips. This replicated the concern of the “downward spiral” 
presented in the previous main section. 
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 Members mentioned reduced lighting as an issue which increases the 
problems with the lack of legibility of the steps. They also mentioned that lack of 
ventilation can increase temperatures because of lack of air movement causing a 
person, and others, to sweat, resulting in slippery handrails. 
 A significant comment was made concerning the minimum width of 
stairs. The members maintained that the stairs should be wider providing places 
for rest. An additional handrail could then also be added as they were adamant 
that a single handrail was not enough.  
 The other issues are identical to those for the Fuller Figure Group.  
 
6.8.5 Management and Maintenance Core Consistency. 
 Maintenance was seen as being one of the main issues in the areas of 
lighting and ventilation. This reflected similar significant findings from the 1977 
Canadian Study (Beck, 1977) which were found to be moderately significant 
(p<.05).  
 Members stressed the importance of evacuation procedures to reduce the 
risk of falling which agrees with the findings from the Exploratory Case Study in 
Chapter 5. The number of trials needs to be increased so that whatever is put in 
place to cater for the needs of the older workers and other persons with the 
associated functional limitations can be properly trialled and catered for. 
PEEPS44 (DCLG, 2007a) was discussed as being a good way forward.  
 Members were concerned about the level of commitment of other 
participants in trial evacuations. Lack of commitment they maintained results in 
confusion and stress amongst those who want to take part, putting others at risk.  
 Other issues raised are similar to those raised by the Fuller Figure Group. 
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6.9 Discussion of Results from BMI and Focus Group Studies
 1 and 2. 
6.9.1 Overview  
 The BMI Benchmark Focus Group represents relatively young office 
workers. Their exercise profile may have matched that mentioned by Steele and 
Mummery (2003) but the results showed that 8 out of the 10 participants 
participated in a vigorous leisure-time exercise programme. The results show two 
participants with a functional limitation (asthma and reduced vision) had 
minimum descent speeds and that overall the descent rate slowed as a function of 
the number of storeys. The mean descent speeds from the Fuller Figure and 
Mature Age Focus Groups were then adjusted using the Benchmark trend. Using 
the Christchurch trend the mean descent speed reduced to a speed at the bottom 
of the stairs equal to the measured minimum of all the participants. The same did 
not apply using the Sydney trend line. This may demonstrate that as the number 
of storeys increases so does the reduction in descent speed.  
  Distance is shown by Peacock et al (2009) to be a predictor of descent 
speed down multiple flights of stairs and this is further supported by health 
science studies (Reeves et al, 2008: Leake et al, 1991; Hulens et al, 2003 and 
Fritz, 2009). The UK Delphi Sub Group advised the author to use descent speed 
as a measure of fatigue or impact of functional limitations in line with Fritz 
(2009). Spearpoint and MacLennan (2012) also related functional limitations 
and/or capacity to evacuation performance.  
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* Focus Group response differs from Content Review Studies – Participants commented on 
impact of the Group on their individual performance both positively and negatively (e.g. 
embarrassed and fearful of being “forced” to go down the stairs at a faster rate than they felt 
confident with; this heightened their fear of falling). 
 
Figure 6-18: Ishikawa Model Summary for Discussion of Focus Group Results 
 
 The relevance of distance will also be shown in the results of the main 
2008-2010 Case Study in Chapter 7. Advice from the UK Delphi Sub Group is 
extremely relevant including the most significant finding from the Focus Group 
Studies is where individuals who are morbidly obese and/or have some 
functional limitations are more fearful of falling when they travel at an 
uncomfortable speed to fit in with their group. They do so either from 
embarrassment or their fear of others (crowds). Focus Group descent speeds can 
then be compared with the actual descent speed of the group to identify the 
percentage of individuals who are at risk of falling. 
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Reference 
Descent 
Speeds   Comments 
         
  Mean Max Min   
Peacock, Kuligowski & Averill (2009) 0.83 1.01 0.65 6 storeys  
Peacock, Kuligowski & Averill (2009) 0.73 0.99 0.47 6 storeys 
Peacock, Kuligowski & Averill (2009) 0.62 0.72 0.52 11 storeys  
Peacock, Kuligowski & Averill (2009) 0.4 0.49 0.31 18 storeys 
Peacock, Kuligowski & Averill (2009) 0.54 0.72 0.36 18 storeys  
Boyce et al (1999) 0.7 1.1 0.45 Visually impaired person - 0.31m/sec 
MacLennan (2012) 0.9 1.8 0.6 
Younger Office Workers - 22-34yrs comprising 
male and female 
MacLennan (2012) 1.01 1.4 0.77 
Younger Office Workers - 22-34yrs comprising 
male and female 
Fahy and Proulx (2001) 0.47 1.08 0.31  Mid-rise apartment 
Fahy and Proulx (2001) 0.44 0.56 0.32  Mid-rise apartment 
Fahy and Proulx (2001) 0.41 0.47 0.3  Mid-rise apartment 
Proulx et al (2007) 0.4 1.03 0.17 
Slow mean speed caused by two morbidly obese 
persons – 13 storey office building 
Boyce et al (1999) 0.33 0.7 0.11 Allowing for persons with locomotion disability 
Boyce et al (1999) 0.13 0.23 0.11 Assisted group of people with impaired vision 
MacLennan (2012) 0.36 0.42 0.29 
Includes BMI >35 and Waist measurement 
>1000mm 
MacLennan (2012) 0.33 0.36 0.28 
Includes BMI >35 and Waist measurement 
>1000mm 
Jiang et al (2012) - 1.14 1.427 0.859  mobile young 
Jiang et al (2012) - 0.85 1.038 0.662  disturbed gait but no aid 
Jiang et al (2012) -  0.433 0.571 0.295 single crutch 
Jiang et al (2012) -  0.332 0.463 0.201 two crutches 
Table 6-20: Comparison of Stair Descent Speeds  
(Represents mean descent speeds measured across a group and do not reflect 
slowing down due to distance traversed) 
 
6.9.2 The Individual (You) Core Consistency    
 Chapter 2 shows the impact of health conditions, age and fatigue on 
individual descent performance (Ayis et al, 2007). Rheumatics, cardiovascular 
conditions, dyspnoea, reduced vision results in mean descent speeds of 0.2 – 
0.25m/s. Increases in age from 36 to 66 years results in descent speeds of 
between 0.35m/s and 0.26m/s. Based on the six minute walking test, Fritz (2009) 
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and Ayis et al (2007) show the impact of fatigue relates directly to distance with 
speeds varying from 0.35m/s to 0.2m/s. Similar results are available for increased 
obesity (Stenholm et al, 2008; Fjelstad et al, 2008; and Browning and Kram, 
2007) which also impact on balance and posture (Corbeil et al, 2001; Menegoni 
et al, 2009 and Teasdale et al, 2007) making people more cautious going down 
stairs or negotiating irregular terrain. This then supports the results shown in the 
Focus Group Studies as well as those of the BMI Benchmark Group for a 
reduction in walking speed related to distance traversed.  
 Table 6-20 shows that the Fuller Figure and Mature Age Focus Group 
results compare favourably with other studies where participants had functional 
limitations (Boyce et al, 1999; Jiang et al, 2012 and Proulx et al, 2007). The BMI 
Benchmark results compare favourably with those of Peacock et al (2009) which 
involved trial evacuations in 6 – 18 storey office buildings in terms of the 
maximum descent speeds. BMI Benchmark Group participants descended the 
stairs on their own at set intervals. The maximum descent speed in the Sydney 
BMI Benchmark Sub Group was a speed achieved over a short distance. The 
reduction in descent speeds for those with functional limitations also lines up to a 
reasonable degree with the work of the health science studies (Al-Abdulwahab, 
1999; Ayis et al, 2007; and Hulens et al, 2003). It is interesting to note that the 
only challenge to this statement may be from Shields et al (2009) but the persons 
they analysed with self designated functional limitations did include 
hypertension. When these findings are viewed in the context of Comment 102.65 
from the 102 Minutes Content Analysis a variance appears. It may quite well be 
that the participants were mentally much stronger or did not have as much pain. 
Morbid obesity coupled with dyspnoea and arthritis can deliver this type of result 
(Booth et al, 2002). Morbid obesity, a characteristic of over 50% of the Fuller 
Figure Focus Group, needs to be related to the strong connection that exists 
between obesity related conditions such as hypertension and diabetes and actual 
falls as demonstrated by Fjelstad et al (2008) in Table 6-21. Falls if taken as a 
function of distance traversed was discussed by the Fuller Figure and Mature 
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Age Focus Groups. They complained about the continuous “downwards spiral” 
of the stairs coupled with the repetitive turning at each landing. This complaint is 
associated with the psychological status of the individual (Lord et al, 2007) and 
correlates strongly with reduced descent speed as presented in the results in 
Table 6-20. An incident of falling in a trial evacuation was recorded for the 
Mature Age Group171. The functional limitations here were a combination of lack 
of strength, obesity, reduced vision and fear of falling. Reduced vision related to 
contrast sensitivity and depth perception, all of which were mentioned, 
triangulate well with the actual conditions being lack of contrast between 
surfaces and edge definition of the nosings. The latter is well supported in the 
literature in relation to stability and falls (Tiedemann et al, 2007; Startzell et al, 
2000 and Buckley et al, 2005). 
.  
 
Condition Obese (N= 128) 
Mean mass = 100.5Kg / Mean BMI 
= 35Kg/m2 
Non Obese: (N= 88) 
Mean mass = 63.5Kg/ Mean 
BMI = 22.8Kg/m2 
Hypertension 51% (2.2X)* 23 
Diabetes 13 (2.9X)* 4.5 
Hyperlipidaemia 48 (1.5X)* 31 
Fall history 27 (1.9X)* 15 
Table 6-21: Subject characteristics in Fjelstad et al (2008) Study.                * 
Indicates factor by which the condition is prevalent in the obese group as compared with the non-
obese 
 
 The inclusion of the BMI Benchmark Group Study as a “control” for the 
studies in this Chapter is also proven as it corresponds with other studies. All the 
focus group studies incorporated the IPAQ standard questionnaire so that reliable 
levels of fitness were recorded as well. 
 
                                                 
171 This incident was recorded in one of the building’s standard trial evacuation exercises that did 
not form part of this study as it was held at another time. 
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6.9.3 Group (You and Others) Core Consistency 
 As previously explained the rate and pattern of group formation was not 
raised in the Focus Group Studies. The members of the Focus Groups were 
concerned about their own relationships with others. Those Focus Group 
members who classified themselves as slow movers were concerned to the point 
of being “scared” of holding up other group members. They did not feel 
comfortable “keeping up” with other group members as they thought they might 
fall. This concern can be justified where the individual functional limitations lead 
to falls (Tiedemann et al, 2007 and Fjelstad et al, 2008) as shown in Table 6-21. 
 Some Focus Group participants stated that they were afraid of crowds in 
terms of others falling, confusing actions and most of all not be able to see the 
steps. When this is linked with reduced vision (contrast sensitivity and depth 
perception) (Buckley et al, 2005) then this will disrupt gait and overall stability.  
 Another interesting similarity was in the area of familiarity of groups 
with evacuation procedures. The concern that some Focus Group participants had 
with the impact of the confused actions and behaviour of “other groups” is that it 
can cause stress. Trial evacuation practice is therefore extremely important 
(Gershon et al, 2008a). The “other group” perception is interesting when the 
Exploratory Case Study shows that more than 80% of the respondents knew the 
others they could see in the stairs which means that the “other groups” could 
have actually been an affiliate group (Shields et al, 2009). 
 The “slow mover” consideration for older and obese office workers may 
therefore be critical when viewed as possibly increasing the falls risk (Lord et al, 
2007) and also the increased burden placed on group members to assist when 
they may not be skilled enough to do so. Wider stairs with places to rest may be 
an answer. This is a concern for Management and places an additional 
responsibility on them to keep the stairs clean and free from obstructions which 
was a reasonably significant finding in the 1977 Canadian Study (Beck, 1977, 
p<.01). This question is a research question and needs to be further analysed in 
the 2008-2010 Case Study.  
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6.9.4 The STAIRS Core Consistency 
 
Figure 6-19: Simple form of refuge 
 The major similarity across all the Studies in Chapter 6 is the concern 
about the width of the stairs. The concern is not necessarily the same as that 
determined by Peacock et al (2009) or Pauls et al (2007) which is based either on 
counter-flow or providing overtaking potential but rather on room for the 
provision of unfettered assistance and also for resting. A possible answer that 
addresses the needs of all is that shown in Figure 6-19. 
The STAIR Core Consistency was the least predominant in the Content 
Analysis Studies. The main category was width of stairs. The other categories 
recorded against this Core Consistency in the Content Analysis Studies that can 
be supported as being vital (Archea et al, 1979; Templer, 1992; Startzell et al, 
2000; and Roys, 2006) were: 
 
• Narrow treads - confirmed as critical (Roys, 2006) 
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• Handrails – not really mentioned in the Content Analysis Studies 
(5.9%) but extremely important to the Focus Groups even if just to 
provide assurance (Reeves et al, 2008a) 
• Ventilation conditions – significant (p<.05) in Canadian Study (Beck, 
1977). 
• Lighting - significant (p<.05) in Canadian Study (Beck, 1977).  
 
 The Focus Groups did mention all of the above factors but added step 
legibility, contrast of surroundings and signage for orientation, reachable 
handrails, and the problem of the “downward spiral” exacerbated by the rich 
views through the wide void (Archea et al, 1979 and Templer, 1992) and the 
number of turns per storey. These two elements were seen to promote falling via 
repetitive action in terms of vertigo, dizziness and providing an unnecessary 
distraction impacting on the individual’s degree of focus. This can also be 
supported by the reduction of stair visibility and the resultant interaction with the 
individual’s sensory system resources (Horak, 2006). 
 The Focus Groups talked about the lack of contrast as creating conditions 
similar to a “white-out” as being critical as it interferes with orientation, depth 
perception and stability and is supported by Alderson (2010) and Startzell 
(2000). They also mentioned the frustration caused by others in this type of 
environment as these others obstructed the view of the steps. Marking the stair 
nosings in a contrasting colour is extremely important according to the Focus 
Groups in addressing the above problem. Step legibility is supported by Alderson 
(2010) as well as being a requirement for “Accessible Stairs” in most Codes such 
as AS1428.1-2009 (Standards Australia, 2009). 
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6.9.5 Management and Maintenance Core Consistency 
 The Ishikawa Chart in Figure 6-18 summarises the issues raised by the 
focus groups that were finally coded to this core consistency. These are discussed 
in greater detail as follows: 
 
• Commitment to, understanding of and practicing of evacuation 
procedures so that all individuals know what they are doing. This is 
supported by Gershon et al (2008a). 
• Allowing for sequential evacuation so as to avoid delays due to 
merging, and “platooning” (Templer 1992) due to multiple slow 
movers.  
• Group formation inferred as being loose in terms of the number of 
people that Focus Groups knew in the stairs at any one time (as per the 
Exploratory Case Study and the “affiliate group” (Shields et al, 2009)) 
so that negative comments made about confusing behaviour associated 
with noncompliance with the first bullet point can be placed in 
context. 
• Group formation practice being voluntary or part of the evacuation 
procedures. 
• Maintenance in terms of ventilation and lighting. Cleanliness and 
removal of rubbish was not mentioned as it was in the Exploratory 
Case Study mainly because of the constant clean state of the M6 
Building Stairs. The latter was the reference point for the two Focus 
Groups. 
 
 Gershon et al (2008a) mention the importance of preparedness which 
underpins the first bullet point. The 102 Minutes Content Analysis showed the 
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impact of JP Morgan, a major tenant and employer of over 2000 individuals in 
the WTC “Complex” at the time of the 9/11 Incident, can have on the orderly and 
informed behaviour of evacuees. This firm were totally committed to their 
employees and therefore were fully prepared and practised (Dwyer and Flynn, 
2004).  
 A dichotomy exists with the second bullet point. Both sets of studies 
indirectly showed the importance of group size and structure. The dichotomy is 
in terms of group dynamics (member behaviour). Where the member has 
functional limitations that reduce their descent speed the discussions were 
concerned with keeping up with the group which would descend faster in a 
planned sequential evacuation than they would in an uncontrolled evacuation. 
The net outcome would be an increase in the risk of falling because even with a 
misstep the individual may not be able to recover due to fatigue or loss of 
strength (Al-Abdulwahab, 1999 and Lauretani et al, 2003).  
 The interaction of this core consistency with all of the others therefore 
plays an important part in the functional capacity (Matheson, 2003) of the 
occupant or individual to safely descend a predetermined number of flights of 
stairs. The functional capacity needs to match the estimated capacity so that 
PEEPS44 is the vehicle that Management and the occupant or individual need to 
work on to make this happen.  
6.10 Summary of the Findings from Chapters 5 and 6 
 The results are summarised from Chapters 5 and 6 for each of the Core 
Consistencies in 6.10.1: Table 6-22 to 6.10.4: Table 6-25. 
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6.10.1: Table 6-22: The Individual Core Consistency172  
 
 
Category or Detailed 
Factor 
Exploratory Case 
Study 
Buildings 3 and 7 
Content Analysis 
Study 
Focus Groups Integrated Result (For comparison with 
2008-2010 Case Study Results 
Age Not available but 20% of 
45+ (Rowland 1991) 
Not available but 
mentioned 
Provided Age 
Gender Not available in SPSS 
V2.1 Hardcopy but 
originally measured 
Not available but 
mentioned 
Provided but did not 
appear significant (see 
also Peacock et al (2009) 
Gender 
BMI / Waist 
circumference 
Not available in SPSS 
V2.1 Hardcopy but 
originally measured 
Mentioned in generic 
terms e,g heavy, obese 
etc. 
Provided and significant BMI/ Waist Circumference 
Functional Limitations     
 Arthritis, cardio-vascular, 
balance incl. vertigo and 
dizziness, fear of falling, 
proprioceptive ability in 
terms of foot placement, 
fear of falling, and falls 
history. 
Included as health 
condition – predominant 
detailed factor or 
category including 
obesity, asthma, arthritis, 
cardio-vascular etc. in 
comments. 
Reduced vision, arthritis, 
depth perception, 
asthma, weak ankles, 
reduced strength, 
orientation ability, 
impaired gait, vertigo 
and dizziness, balance 
and needs support, fear 
of falling and falls 
history, fear of others 
and embarrassment over 
limitations 
Arthritis, osteoarthritis, rheumatic problems, 
other lower limb musculo-skeletal problems, 
impaired vision and associated neurological 
issues, asthma, cardio vascular/ respiratory issues, 
orientation ability, impaired gait, proprioceptive 
ability, stance and gait issues, vestibular 
conditions incl. vertigo, dizziness, stability and 
balance, fear of falling, reduced strength 
especially lower limbs. Fear of others is also a 
factor in terms of the visibility of the steps.  
Fatigue Mentioned in data and 
significant relationship 
with maximum individual 
perceived performance 
Comments such as 
102.24 and 102.65 show 
impact of fatigue 
Fatigue was mentioned 
and linked in with the 
downward spiral 
movement cycle 
Fatigue is measured using self reporting 
technique. It is underpinned by strength and 
linked to distance or effort. As such there is a 
direct link to fitness and exercise which can be 
measured reliably by a validated self reporting 
technique (Sjostrom et al, 2005) 
Fitness Mentioned in data Mentioned mainly in the 
NY Times Blog Study 
and related to obesity and 
slow movers. 
Not directly mentioned 
but recorded via survey 
using a reliable 
technique (Sjostrom et 
al, 2005) 
Fitness is crucial as it is related to strength and 
endurance capacity. Lack of fitness and the 
resultant reduction in strength increases the risk 
of falling. The individual’s level of physical 
activity is therefore critical and forms part of the 
validated fitness self-reporting tool (Sjostrom et 
al, 2005) 
 
 
 6.10.1: Table 6-22 shows the integrated result of the intrinsic factors from 
the Exploratory case study, the Content Analysis Studies and the Focus Groups. 
Columns 1-3 list the individual results. Age and gender were only provided 
exclusively in the Focus Group studies but do need to be considered as an issue 
from Chapter 2. BMI was measured in the Exploratory case study but hard copy 
details were not available other than for information from the explanatory 
Canadian Study (Beck 1977) relating to fitness. BMI and waist circumference 
were found to be factors in the Focus Group studies and therefore have been 
included. Fatigue is the one factor that was in common for all studies except that 
some of the research on the WTC 9/11 incident did not find it to be an issue 
(Galea et al, 2011). This constitutes a “rival theory” (Yin, 2009) and can be 
                                                 
172  Functional limitations are highlighted as they represent intrinsic health conditions as a group 
of factors that may impair performance and contribute to fatigue and degree of fitness. 
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explained. It is suggested that in all cases concerning the PhD Case Study other 
than perhaps for Building M5 in the 2008-2010 case study173 density was not an 
issue. In the WTC 9/11 incident Galea et al (2008) report that density may in fact 
have masked the fatigue because of the amount of stoppages and hence rest 
periods due to delays. It is interesting to note that the content analysis of the 
WTC 9/11 incident (Dwyer and Flynn, 2004) did not agree with this. 
Nevertheless fatigue is found from all the studies to relate direct to distance 
where a reduction in descent speed acts as an indicator. This agrees with the 
experimental studies reviewed by Spearpoint and MacLennan (2012).  
 Fitness is mentioned in the Exploratory case study as an issue (Beck, 
1977), the Content Analysis studies, and actually measured in the Focus Groups 
using the validated IPAQ system174 (see questionnaire in the Appendix A3). The 
studies show a direct link between and the level of exercise of respondents. This 
provided the main reason for changing the questionnaire in the 2008-2010 case 
study PDSA Cycles 2 and 3 and suggestions made by the Delphi Group. 
 The most extensive commonality between the studies in this Chapter 
relating to the intrinsic core consistency or classification is the one of functional 
limitations, also known as health conditions. This finding is replicated in Chapter 
7 for the 2008-2010 case study trial evacuations survey. Arthritis, osteoarthritis, 
rheumatics, impaired vision, neurological issues, asthma, stability and postural 
issues as well as other vestibular and anxiety disorder issues will all affect 
descent speed and confidence/ This is also reflected in the fear of falling and fear 
of others in a group where the slow mover thinks they are being forced to move 
at the same pace as the rest of the group. This is a recipe for falling (Menegomi 
et al, 2009) and therefore provides a valuable input for the three falls recorded in 
the 2008-2010 case study. In conclusion it should be noted that all of the factors 
                                                 
173 See Chapter 7 and in particular Section 7.6 and Appendix A7 
174 Sjostrom et al (2005) 
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other than gender is related directly to distance both in terms of the impact of 
actual and estimated capability.  
 
6.10.2: Table 6-23: The Group (You and Others) Core Consistency 
 
 
Category or 
Detailed Factor 
Exploratory Case 
Study 
Buildings 3 and 7 
Content Analysis 
Study 
Focus Groups Integrated Result (For 
comparison with 2008-2010 
Case Study Results 
Group formation Over 50% formed on 
floors. 80% in stairs so 
that Management 
approach is very 
important as this Study 
indicated a higher 
%age for those with a 
participative 
management set up – 
Building 3. 
Accepted that Groups 
formed and that these 
were automatic when 
practised and were 
linked to participative 
management styles 
along with associated 
commitment 
Not really addressed  Groups comprising work colleagues 
allow for good cohesions and as a 
vehicle for catering for those who 
require assistance as per 102 Minutes 
Study (Zmud, 2007) 
Group dynamics Not really addressed 
except in terms of 
formation and 
structure of the groups 
e,g building 3. The 
impact of the slow 
mover was assessed.  
Some inter participant 
conflict was noted but 
cohesion was 
relatively strong. The 
frustration with the 
slow mover was 
mentioned especially 
in the NY Times Blog 
Study.  
From the 
individual’s point of 
view they were 
exasperated with 
confused groups 
who had not 
practised, others 
obstructing their 
view of the stairs 
and the perceived 
pressure of keeping 
up with faster 
members of the 
group. 
Group formation and structure should 
relate to the work team and yet be part 
of the procedures. Groups should be 
structured to include all especially 
those with needs. Management should 
encourage this such as evidenced by 
the woman with the evacuation chair 
in the 102 Minutes Study (Zmud, 
2007). Including this in the planning 
and practice will make the dynamics 
positive. 
Group behaviour Delays occurred to 
merging but groups 
definitely did defer 
voluntarily on a 
possible 50:50 basis. 
(Altruism) 
102 Minutes 
summarised this as 
predominantly 
altruistic behaviour 
independent of where 
the group was formed 
Not really discussed Delays should be minimised so that 
groups can be made smaller possibly 
centred around those who need 
assistance. This will still allow for the 
behaviour of voluntary deferral but 
will most likely increase the rate of 
merging. This will also provide for a 
more cohesive primary group.  
Group knowledge Covered indirectly via 
observations and 
familiarity with 
procedures so that 
there was no real 
confusion 
This was the second 
most predominant and 
related directly to 
management style and 
practice such as 
J.P.Morgan. 
Not directly 
mentioned but it 
implies that the 
benefits of practice 
and simple 
procedures would 
decrease frustration 
with the “noise” of 
confusion 
The Group who know where the stairs 
are, the space available for resting, the 
difficulties associated with the stair 
descent and practice regularly will be 
familiar with the whole scenario. 
   
 The Exploratory case study shows up the rate of group formation being in 
excess of 50% measured across all the buildings. Group formation can therefore 
be generalised across all eight buildings and should form part of any integrated 
summary. The content analysis studies confirm the presence of groups and that 
they were formed but the frequency was not stated in the content. The Focus 
Groups did not mention formation. 
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 Group dynamics issues were mentioned in all of the studies. Altruistic 
behaviours were mentioned but then so was aggressive behaviour due to 
frustration with slow movers and the stairs were not wide enough for passing. 
The frequency of aggressive behaviours was small as compared with altruistic 
behaviours. Slow movers on the other hand were shown to be “fearful” of the 
rest of the group as they were too embarrassed to ask others in the group to slow 
down. This “fear” also related to others obstructing the slow mover’s view of 
each step so that foot placement became a problem. The influence of 
management on group dynamics was also noted and how it was possible through 
“bottom up” planning to organise groups to successfully help others in need by 
training them to do so as with the mobility impaired person and the evacuation 
chair (Zmud, 2007). 
 Group behaviour in terms of merging can cause extensive delays 
especially when the size of the groups is unwieldy. The Exploratory case study 
did show that   groups still did defer to others voluntarily usually on a 50:50 
basis. The content analysis studies reinforced this. Delays can be minimised 
through management participating in group formation and actually decreasing 
the group size so as to allow for easier merging and perhaps increasing the 
cohesiveness. 
 The Exploratory case study did not mention group knowledge in detail 
but was directly seen as a function of management in the Content Analysis 
studies. This was repeated in the Focus Groups where some of the occupants 
were frustrated with others who did not know what they had to do and ended up 
confusing others. Groups who are practiced and know what they have to do 
therefore decrease the risk to everyone else.  
  Overall therefore there is strong consistency between the Exploratory 
Case Study results in Chapter 5 and the combined studies from this Chapter.  
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6.10.3: Table 6-24: Integrated Results Summary for “Stair     
Construction and Design” Core Consistency (Extrinsic Factor) 
 
Category or 
Detailed Factor 
Exploratory Case 
Study 
Buildings 3 and 7 
Content Analysis 
Study 
Focus Groups Integrated Result (For 
comparison with 2008-2010 
Case Study Results 
Stair construction Narrow treads No mention  Narrow treads so as 
face front on and 
safely place foot on 
tread 
Treads should be a minimum of 280-
300mm – not considered beneficial in 
review of BCA, 
 Stair Slope No mention Comfortable pitch < 
37.50 
Clope of between 230 – 360 NZ DBH 
(2006) Compliance Document 
D1/AS1 
 Uniformity No mention No real mention Uniformity with only construction 
tolerance allowance – not > 5mm. 
 No. handrails No. Handrails Two handrails min. Two handrails minimum all stairs  
 Handrail graspability Not specific enough Must be reachable 
and easy to use 
Handrails must be at least 900mm 
above line of nosings with a diameter 
of 32-40mm. Dichotomy here of stair 
width as if width exceeds 1200mm 
there may be a problem with reaching. 
 Handrail Use Minor use of 
handrails 
All participants used 
handrail even lightly 
to be prepared for 
possible fall. 
Included but all individuals should be 
encouraged by management to use the 
handrails 
 Slippery steps Not mentioned Not mentioned  Stairs should have a minimum PTV of 
36+ UK Slip Resistance Group 
Guidelines (2011) 
 Lighting Lighting Lighting to make 
steps legible and for 
orientation 
Lighting should comply with current 
Standard and lights should be 
positioned so as not to cast shadows 
on the steps. 
 Ventilation Ventilation Ventilation so that 
no sweat on 
handrails and air 
available for those 
with asthma and 
dyspnoea 
Ventilation should operate 
automatically when trial evacuations 
are run.  
Stair environment Not mentioned Not mentioned Stairs must be 
legible for foot 
placement, surfaces 
to contrast for 
orientation and 
handrails contrast so 
that they are visible.  
Codes such AS 1428.1 and BS8300 
cover accessible stairs but the same 
requirements re the marking of 
nosings, providing handrails of a 
contrasting colour is very important. 
Walls and stairs should contrast in the 
dsame way and levels should be 
clearly identified 
Spatial Stair width/ space for 
rest 
Width to allow for 
counterflow and 
resting 
Width to allow for 
overtaking and 
resting areas for slow 
movers. Stair void 
and number of turns 
per storey should be 
kept to a minimum. 
Width for counterflow, resting areas 
and overtaking. Also to accommodate 
larger body ellipse of 800mm 
(MacLennan et al, 2008a). No of turns 
per storey should not exceed two and 
width of void kept to a maximum of 
200mm to allow for handrail 
construction 
   
 
 Narrow treads, steep stairs, non-uniform risers, and availability of 
handrails were mentioned in all the studies except for the Content Analysis 
studies. Handrails were included in terms of the number supporting the work of 
Reeves et al (2008a).  All of these therefore form part of the integrated summary 
to support the 2008-2010 surveys. They can be linked together as a single 
variable as shown in the factor analysis in Chapter 7 known as “descent risk”. 
 Handrail use appears as an issue in all the studies and therefore is carried 
forward to Chapter 7 for further comparison. The Focus Groups were vitally 
concerned about the support that handrails offered. The 2008-2010 case study 
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survey findings did not show up the same concern but the concern still is vital to 
those who are susceptible to falling. This is vital in enhancing the 2008-2010 
survey response. Lighting and ventilation were found to be highly significant 
right through all the studies and complemented the findings in the 2008-2010 
surveys in Chapter 7. 
 Response on stair “environment” issues especially in terms stairway 
legibility (contrast especially) was only mentioned in the Focus Group studies 
but was important to all three groups including the Benchmark Group. This was 
seen as responsibility of management. Cleanliness was also seen as important 
between all the studies and this relates to the absence of obstacles as well. 
 The most interesting response of all across all the studies was that stairs 
should be wider supporting the findings from the “top down” expert studies such 
as Peacock et al (2009) and Pauls Fruin and Zupan (2007). Wider stairs allow for 
conterflow, provide space for overtaking and also for rest. Observations of the 
2008-2010 trial evacuations in Chapter 7 support this.  
 
 All of the factors in the above table therefore define performance 
especially in terms of adding to or reducing the risk of falling. Descent risk is 
summarised by the focus groups by the term “downward spiral”. There is every 
chance that this can impact on the individual’s perception of narrow treads and 
steep stairs as will be shown in the 2008-2010 Case Study results in Chapter 7. 
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6.10.4: Table 6-25: Integrated Results Summary for “Management 
   and Maintenance” Core Consistency (Extrinsic Factor) 
 
Category or 
Detailed Factor 
Exploratory Case 
Study 
Buildings 3 and 7 
Content Analysis 
Study 
Focus Groups Integrated Result (For 
comparison with 2008-2010 
Case Study Results 
Management Warden 
communication and 
direction not directly 
covered but seen from 
observation notes, 
merging data and also 
lack of confusion 
Warden 
communication and 
direction Mentioned 
in 102 Minutes 
especially in terms of 
localised awareness 
and preparedness.  
Warden 
communication and 
direction - Not 
really mentioned 
other than the 
benefit of practice to 
remove confusion 
Warden communication and 
direction should be localised and 
simple being the result of a 
participative, simple and well-
practised approach  
 Evacuation strategy – 
not really mentioned in 
data but effects shown 
in simplicity of 
uncontrolled strategy 
when wardens allow 
individual groups to 
leave when they are 
ready as opposed to a 
phased or sequential 
strategy is in place and 
confusion arises. 
Building 3 and 7 
convey these results 
Evacuation strategy 
mentioned in terms of 
benefits of going 
when you are ready 
which is associated 
with an uncontrolled 
strategy whereas 102 
Minutes Study 
revealed a phased 
strategy was the 
official approach. 
Large tenant with 
2000 employees went 
when they were 
ready. This what they 
had practised –  
Evacuation 
strategy – not really 
discussed–  
Evacuation strategy – This will 
depend on the height and/or 
complexity of the building. Whatever 
strategy is in place it should be based 
on a high level of preparedness, and  
be simple and flexible. It should be 
practised.  
 Group formation 
Building 3 exemplifies 
this with where the 
groups were formed 
and participative style 
of management  
Group formation: 
102 Minutes shows 
similar results to the 
Exploratory Case 
Study for a large tent 
with some 2000 
employees 
Group formation: 
not really mentioned 
Group formation: Group formation 
should be localised and participative 
to result in a structure that can assist 
and result in a high level of cohesion.  
Maintenance Lighting mentioned in 
survey with a positive 
response for both 
buildings. A 
significant factor in the 
1977 Canadian Study. 
Lighting – not really 
commented on. 
Lighting – only 
mentioned as part of 
maintenance but did 
mention the aspect 
of vi8sible stairs. 
Lighting Must be maintained to 
Standard designed and altered where 
steps are placed in shadows 
 Ventilation – 
Mentioned concerned 
with individual 
performance and a 
significant factor in 
1977 Canadian Study 
Ventilation – not 
really mentioned 
Ventilation – not 
really mentioned 
Ventilation Must be maintained to 
Standard designed and altered where 
not triggered with evacuation and 
providing adequate flow of air to 
assist with individual performance 
where hot conditions would result 
 Cleanliness and no 
obstructions – 
significant factor in 
1977 Canadian Study 
and people general 
satisfied in Buildings 3 
and 7. 
Cleanliness and no 
obstructions – 
included generally in 
results but no specific 
comments 
Cleanliness and no 
obstructions – not 
really commented 
on.  
Cleanliness and no obstructions – 
Notices must be displayed so that 
stairs cannot be used for storage or 
obstructions left after maintenance 
activities, Stairs must also be clean so 
that surfaces not slippery 
   
 6.10.4: Table 6-25 presents the comparison of all the Studies in Chapter 5 
and 6 for the Management and Maintenance Core Consistency. Warden 
communication and direction is common across all the studies in one way or 
another. Individuals need to know what they have to do. If the communications 
are simple and clear and the trial evacuations are held regularly then confusion 
can be kept to a minimum avoiding situations such as that in the Clark County 
fire (Proulx et al, 2006).  
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 The importance of a simple and inclusive evacuation strategy cannot be 
overstated. There is a real case to be made for the uncontrolled (one out- all out) 
strategy because it is simple and can be practiced readily. The findings of the 
WTC 9/11 Content Analysis showed the importance of a simple strategy and 
management commitment and this was confirmed by the Focus Groups.  
 All the studies confirm the importance of warden-occupant or employee 
interaction. One valuable point made in the WTC9/11 incident content analysis is 
the benefit of inclusive planning of group assistance where the group members 
are trained in the assistance they are required to provide one of their members 
thereby decreasing the risk to them and increasing the value of the assistance 
they provide175. 
 Lighting, ventilation and cleanliness were all factors mentioned as being 
highly significant in the Exploratory case study. This was not continued on in the 
other studies. It was seen as being highly significant and was required to form 
part of the 2008-2010 case study analysis. 
 The table therefore shows the importance of warden-occupant interaction 
and direction especially in terms of clear communication and practised stair 
descent to increase familiarity with procedures including safely assisting others. 
Group formation is catered for in the Exploratory Case Study and the Content 
Analysis Studies to provide complete information on the frequency of formation 
and the likely group structure/ cohesiveness. The most significant finding of all 
deals with the importance to occupants of maintenance (cleanliness, illumination 
and ventilation). 
6.11 Summary and Conclusion 
6.11.1 Aim   
 The aim of the PhD Study is: 
 
                                                 
175 The case of the evacuation chair (Zmud, 2007) 
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“To study the performance of mature age office workers descending multiple 
flights of stairs in trial evacuations in the context of extrinsic and intrinsic 
factors176”. 
 
 The main thrust of this aim is to study the estimated and actual 
performance of mature age office workers in descending multiple flights of stairs 
in the context of the intrinsic and extrinsic factors that impact significantly on 
this task. This context is represented by the core consistency classifications 
described in Section 6.10.1: Table 6-22 to 6.10.4: Table 6-25. 
 6.11.2 Individual performance and intrinsic factors  
 The measure of individual performance in the Exploratory Case Study 
was limited by the paucity of available data concerning age, gender and BMI. 
Data that is available is self-reported data that may or may not reliable e.g. 
fatigue. There was sufficient data available to test the relationship between 
fatigue as a measure and the number of storeys occupants estimated they could 
cope with. The results as presented in Chapter 5 show that fatigue can predict 
76% of the variance (exponential x/y relationship) in the number of storeys 
individuals estimate they can cope with. The method used together with the 
depth of data available at the time can be challenged so that a greater reliance 
needs to be placed on the Focus Group Studies. Here waist circumference was 
used as a measure of metabolic condition (Booth et al, 2002). Waist 
circumference predicted a minimum of 38% of the variance in the number of 
storeys an individual estimate they can cope with. Both of these regression 
measures were statistically significant (p<.05 overall). It can still be reasonably 
concluded that fitness measures which are also related to most metabolically 
based conditions are a reliable performance measure that satisfy the Aim.  
The “reasonable conclusion” can still be challenged especially in terms of 
advice received from the UK Delphi Sub Group where they maintained that 
                                                 
176 The framework representing the contextual factors are further tested by Objective 04 as part of 
an inclusive planning and assessment toolkit 
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descent speeds should be used as the predictor variable. Descent Speeds were not 
available for the Exploratory Case Study. They were derived for the Focus Group 
Studies (including the BMI Benchmark Group used as a control group) to 
support the performance measure. This was consistent with similar studies 
(Tiedemann et al, 2007 and Hulens et al, 2003) .The speeds from the Focus 
Group Studies were compared with those from other seminal studies mentioned 
by Peacock et al (2012). A similar comparison was carried out between 
engineering and health science research by Spearpoint and MacLennan (2012). 
The comparison shows that they follow the same pattern when “tied” to 
functional limitations. The missing factor is distance or number of storeys 
traversed. This element is included and is critical as far as the Aim is concerned 
as per the comments of Shields et al (2009) and Ayis et al (2007). Peacock et al 
(2009) show that as distance increases the speed decreases. The reduction in 
speed relates strongly to the intrinsic factors as summarised in Table 6-22. The 
Individual Performance measure developed to this stage satisfies the Aim and is 
an internally valid construct in terms of case study method (Yin 2009). It is 
further supported by studies such as those developed by others such as Leake et 
al (1991), Tiedemann et al (2007), Hulens et al (2003) and Ayis et al (2007). 
 
6.11.3 Extrinsic factors 
 The main extrinsic factors (core consistencies) of the Group, Stairs and 
Management, are summarised in 6.10.2: Table 6-23 to 6.10.4: Table 6-25. Not all 
the relationships can be quantified because of the nature of the data and the size 
of some of the samples. Similar studies have been cited and described that 
support the relationships. These relationships also correspond with the Delphi 
Group Ishikawa Charts. Seeing the Aim of the Thesis is concerned with the 
“spine” of the model and the branches represent each of the core consistencies, 
the contextual impact of the extrinsic factors or core consistencies is justified. 
 
 366
6.11.4 Application to the 2008-2010 Trial Evacuation Case Study 
 Chapters 5 and 6 as summarised in Tables 6-22 to 6-25 link the 
Exploratory Case Study with the Content Analysis and Focus Studies. The 
resultant findings will therefore be used to explain and enhance the issues raised 
from the results in Chapter 7. 
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Chapter 7: Results and Discussions 2008-2010 Case 
Study and Comparison with Chapters 5 and 6. 
7.1 Introduction 
 Chapter 7 deals with that part of the 2008-2010 Case Study highlighted in 
light blue in Figure 7-1 below: 
 
 
 
Figure 7-1: 2008-2010 Case Study in relation to PhD Study Research Process 
 Before introducing the main part of the PhD case study (a multiple case 
study) being the 2008-2010 case study it is necessary to show how the 
Exploratory case study is integrated with the latter. The intention was to directly 
compare results from two representative buildings. The two buildings selected 
were Buildings 3 and 7 and the reasons for selection provided in Chapter 5. 
Buildings 3 and 7 are known as the “Exemplar Buildings”. They are included 
with the six 2008-2010 case study buildings M1-M6 for the following analysis in 
addition to the issues brought forward from Chapter 6: 
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? To form part of a combined factor analysis of the physical data gathered 
from the measurement of the stairs as per the templates in Chapter 3 and 
Appendix A3. 
? As a direct comparison between equivalent results comparing the 
contextual factors to see if any direct comparisons could be made 
longitudinally between cases to confirm or otherwise the opinions of 
Pauls, Fruin and Zupan (2007) that the descent capability or performance 
of individuals had deteriorated over the last three decades. 
   
 The chapter is divided into the following sections: 
 
 
• 7.2 2008-2010 Case Study Survey – Descriptive Statistics and 
 tables where patterns (trends) between buildings are examined 
 (Hak and Dul, 2007) and possible generalisations made (Yin, 
 2009) 
• 7.3 2008-2010 Case Study Survey – Correlations and Factor 
 Analysis. A correlation matrix is prepared to establish 
 significant relationships between the contextual factors 
 themselves as well as with thr individual descent capability or 
 performance.  
• 7,4 2008-2010 Case Study Results and Discussion linking core 
 consistency factors with performance. This is where 
 correlations are used to confirm or challenge patterns that were 
 established. 
• 7.5 Comparison with output from Chapters 5 and 6. This where the 
results from the two exemplar buildings from the Exploratory 
case study are compared with those from the 2008-2010 case 
study trial evacuation surveys. It is also where the integrated 
 369
findings from the Content Analysis and Focus Group studies 
are compared with the 2008-2010 case study surveys. 
• 7.6 Triangulation of 7.5 with Observed and Measured Data. The 
method of triangulation was presented in Chapter 3. Spread 
sheets and schedules of the measured data may be found in 
Appendix A7 under the same section number. It is here that 
survey respondents are “positioned” with the observed 
descending group so that their descent speeds can be 
established and compared with their intrinsic characteristics to 
esatblish the potential for falling (Menegomi et al, 2009).  
• 7.7 Conclusions and linkage with Chapter 8.  
 
7.1.2 Co-ordination with Appendix A7 
 Results for buildings M1 to M6 comprise three sets of data: 
• Time based data presented in the form of stair descent charts with the 
Y-axis being the number of storeys above ground and the X-axis the 
time taken to move through that number of storeys. 
• Data analysed from the survey of a selected sample of participants 
from each one of the buildings who can be “located” on these stair 
descent charts. 
• Data comprising comments from stair descent and video-replay 
observers who are seen as being “embedded” in the 2008-2010 Case 
Study.  
The output from the above is presented in the form of charts, graphs, 
tables and schedules. These will be included in the Appendix A7. This Appendix 
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will follow the same numbering system as Chapter 7 so that direct comparisons 
can be made.  
7.1.3 Hierarchy of Survey Results and Presentation Pattern 
 Descriptive statistics in the form of frequencies are presented for each 
building according to the appropriate PDSA Cycle to paint a picture of the 
distribution of responses in terms of each of the core consistencies derived in 
Chapter 6 being; 
• The Individual (YOU) – intrinsic variables 
• The Group (YOU & OTHERS) - extrinsic variables 
• The Stair (STAIR CONSTRUCTION & ENVIRONMENT) – 
extrinsic variables 
• Management (EMERGENCY MANAGEMENT & MAINTENANCE) 
– extrinsic variables 
 In order to satisfy the objectives of the PhD Study it is necessary to 
establish whether inter and intra core consistency variable relationships are 
significant or not. The pattern of the relationships is explained in Figure 7-2 
below; 
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Figure 7-2: Inter and Intra Core Consistency Relationship Framework for Correlations 
 The core consistency classifications of the intrinsic and extrinsic factors 
are maintained throughout this chapter.  
 The curved arrows in each segment of the figure represent the intra 
variable relationships for each core consistency with examples against each 
arrow. The inter core consistency variable relationships are: 
• 1-1: The Individual and the Stairs 
• 2-2: The Group and Management 
• A-A: The Individual and Management 
• B-B: The Group and Stairs 
• *-* The Individual and the Group and The Stairs and Management 
Bivariate correlation matrices are prepared for each of the above to 
establish those relationships that are significant. Three levels of significance are 
established to test the strength of the association between variables as being, 
 The GroupThe Individual
The Stairs Management & 
Maintenance
Spine = 
combination of 
independent factors 
that predict 
number of storeys 
an individual can 
cope with without a 
rest
e.g. Obesity & 
Balance
Age & 
distance/ 
no. of floors
Distance & 
slope
Told to wait 
and 
conditions in 
stair
Group 
formation and 
conditions in 
stairA
A
B
B1 2
21 1-1: Age and distance traversed (no. of floors
2-2: Group formation and conditions 
in stairs
A-A: Fatigue and conditions in stairs
B-B: Step legibility and group 
formation
Conditions in stairs and distance 
Group formation and fear of 
crowds
Inter Core Consistency 
Correlation combinations
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p≤.001 (highly significant), p≤.01 (reasonably significant) and p≤.05 (moderately 
significant) so that these relationships can be “ranked”. The ranking is studied 
further by factor analysis of the factors relating directly to the individual and the 
stairs as a means of simplifying some of the “clusters” that may be formed by the 
significant relationships and ordering these clusters as components. This 
approach also provides for greater clarity for triangulation with the appropriate 
measured and observed data177. 
 
 The objectives support the aim of the PhD Study in that they provide the 
context. Regression analysis is used to establish those factors which are the 
significant predictors of the estimated performance of the mature office worker. 
The dependent variable represents the main thrust of the Aim which is a measure 
of performance or descent capability (See also Figure 7-3 below.) 
 
Figure 7-3: How Regression Analysis delivers the Aim of the PhD Study. 
 
                                                 
177 Factor analysis of two sets of complex data, one gathered by survey and the other by direct 
measurement reduces the data into components which are easier to compare via triangulation. 
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7.1.4 Presentation of Video and Observed Data 
 Individuals’ descent progress the video camera recordings together with 
key measurement points (e.g. intersection of landing with first step and also level 
numbers marked on the walls) were transferred from the recordings to Excel® 
spread sheets utilising the internal time clock information shown on the 
applicable “time stamp” for each building (M1-M6) and each person or occupant. 
Triangulation between observers’ recorded timestamps and the video equivalents 
was used to achieve internal reliability for the transferred data. No discrepancies 
were found as the observers were used to form the “skeleton” of the descent 
chart. 
 The “evacuation progress” of each occupant or participant is then 
presented in graphical format on stair descent charts similar to those used by 
Peacock et al (2012) where the Y-axis is divided into intervals representing each 
level. The X-axis is the evacuation time in seconds. The progress of each 
occupant is represented by a path trace or colour coded line. This “time stamp” 
for each occupant can be determined at the data points on the chart which is 
included in electronic format in Appendix A7178. 
 Comments from the “video” observer, triangulated with comments from 
evacuation site observers179 are also presented on the stair descent charts in 
Appendix A7 as standardised symbols that relate directly to an associated legend. 
A chart delivered in this format is used as the major tool for triangulation 
between on-site observations and measurements and analysed survey data. 
 Descent speeds and densities are presented separately in traditional 
graphs. Of special interest here are comparisons between density and descent 
                                                 
178 DVD is located in Volume 2 so that results can be interrogated. 
179 The video observer was able to see the visual images and record their own comments on to the 
descent chart. These comments were also triangulated with the comments of the observers who 
took part in the evacuation from the Dictaphone sound files. One of the main responsibilities of 
the trial evacuation observer was to record their progress in sound format e.g. level by level, 
number of people in the associated group, handrail use etc. 
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speeds which can be directly compared with a participant’s perceptions 
concerning “conditions in the stairs” and whether or not the participant was a 
member of a group or not, each measured in the survey. Survey variables such as 
“entered the stair with a friend” can be meaningfully triangulated with the 
“apparent grouping of occupants” shown on the stair descent charts. 
7.1.5 Presentation of Measured Data and Results 
  
 As described in Chapter 3 the measured data for each building is 
presented in a table for all buildings. The factors included are those determined 
in conjunction with the Delphi Group with those from the Literature Review in 
Chapter 2 along with the Exploratory Study dataset. 
 Much of the data is therefore interval data as it has a set scale with a zero 
starting point. Examples are the width of stair treads recorded in mm. Some of 
these data are transformed into ordinal data comprising scores using another 
form of rating scale. This scale does not have regular intervals. An example of 
this is where tread widths may be graded on a scale of 1 to 5 going from 
hazardous to completely safe. The grading in the instance of this PhD Study was 
carried out by the author as an expert immersed in the overall study (Yin, 2009). 
The grading is also based on the literature review in Chapter 2 e.g. from Templer 
(1992) to Roys (2006) and Alderson (2010). 
 The ordinal data can be readily used in factor analysis and is also more 
compatible for triangulation with the survey data based on the Canadian 
questionnaire (see Chapter 4) which also utilises the Likert scale and the simple 
hazard rating scale mentioned above. Examples of this approach are used in 
some Building Codes e.g. D1/AS1 “Access Routes” (Department of Building and 
Housing, 2011).  
 In order for the factors represented by the measured data to be more 
meaningful it was entered into SPSS V16, aggregated and the number of 
variables reduced into a small number of components using factor analysis. The 
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results of the factor analysis are presented in a table where the input variables are 
listed in the variable column as shown below in Figure 7-4: 
 
Figure 7-4: Specimen Factor Analysis Outcome Table 
 The Component columns do represent a form of ranking where the 
components comprise clusters and where the component can explain as much 
variance in the original data as a single variable. Components that cannot explain 
more than 5% of the variance in the original data are not worth considering 
(Hinton et al, 2005). Selection or cut off values for the variables “clustered” 
around each component have been set at  ≥ 0.7 as agreed with the UK Delphi 
Group. In certain instances variable values between 0.6 and 0.7 are considered 
where they can be supported by observation or research. 
 Measured data is used extensively to test survey participant response and 
enhance the analysis of the data. This data has also been reduced via factor 
analysis. The triangulation framework is shown in Chapter 3. The reduction of 
data into a smaller number of variables allows for a more meaningful comparison 
between the two data sets. Two other important measured components are 
distance and height traversed per storey as mentioned in the previous section and 
also a similar study of six buildings up to 31 storeys in height (Peacock et al, 
2009). The “STAIR” factors are measured directly off the site drawings which 
are all fully dimensioned. The site drawings are presented in Chapter 4. The 
distances are used to establish descent speed which is used to assess the degree to 
which the survey respondents were limited by their self-declared functional 
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limitations and/or level of fatigue or fitness in the context of other studies 
presented in Chapters 5 and 6. 
7.2 2008-2010 Case Study – Descriptive Statistics – Results 
and Discussion. 
 Descriptive Statistic Analysis Results are presented for each PDSA 
Cycle. Buildings M1-M4 are known as the non IPAQ180 buildings and M5 and 
M6 as the IPAQ180 buildings. 
7.2.1 Overview 
Buildings M1and M2 
 Building M1 is the 10 storey office building located in Christchurch but 
which has now been demolished after the earthquake. See Chapter 4 for the full 
description. The evacuation strategy used was the uncontrolled type (“one out all 
out”). Occupants all started to move on the sounding of the alarm.  The linking 
of the scissor stairs caused some delays. The number of respondents was 104. 
The use of the additional “follow up” questionnaire did not work so that the 
overall questionnaire was modified for M3 and M4 to provide the additional 
information required on fitness.  
 Building M2 is a 36 storey office building located in Dubai, UAE. See 
Chapter 4 for the full description. On the day of the trial evacuation the following 
events compromised the exercise and the data retrieval: 
 
• The fire alarm sound levels were inaudible on some floors and failed 
to operate on others. 
• The temperature within the stairwells was 400C+. The stairwell 
ventilation failed to operate. 
                                                 
180 Sjostrom et al (2005) 
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• Many occupants refused to evacuate e.g. 34th floor. Others used the 
lifts. 
• 50% of the observers did not enter the stairs where the alarms failed to 
operate.  
• Small video cameras fell from their adhesive mountings due to the 
internal conditions. 
• There were two observed falls where the occupant came to rest on the 
ground due to different factors. 
 
The author181 made the decision to include M2 because of these falls and also 
because of the stairs and their environment (temperature of 400C and no 
ventilation).  
Buildings M3 and M4 
 Building M3 is a 19 storey office building located in Manchester in the 
UK. Building M4 is a 26 storey office building located in Wellington, New 
Zealand. The follow up questionnaire was dispensed with and the questionnaire 
modified to include fitness related questions (see Appendix A7). The main 
modifications related to the respondent’s exercise regime and measures of “stair-
use difficulty”. Resultant responses were to be analysed to test the relationship 
between fitness, practice and other functional limitations and distance traversed 
(actual and estimated). This change from PDSA Cycle 1 still did not totally 
overcome the limitations of self-reporting (Chan, 2009) but did use a method 
similar to that of Verghese et al (2008) where respondents reported on their stair 
climbing ability. Descent speed is also incorporated into PDSA Cycle 2 in line 
with recommendations from the UK Delphi Sub Group. 
                                                 
181 Case study research methodology allows and actually recommends this approach (Yin, 2009) 
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Buildings M5 and M6 
The questionnaire for these buildings was modified to incorporate a validated 
self report questionnaire / survey system known as the International Physical 
Activity Questionnaire (IPAQ) 180. Building M5 is an 18 storey office building 
located in Wellington, New Zealand. Building M6 is a 34 storey office building 
in Sydney, Australia. The evacuation strategy for M5 is an uncontrolled 
evacuation (“one out, all out”) and a sequential strategy for M6. There were 
extensive delays in M5 where the percentage of occupants suffering from fatigue 
were reduced due to the reduced descent speed and delays due to merging. This 
could be a case of density masking fatigue (Galea, 2008). 
 Survey results for Buildings M5 and M6 are based on the International 
Physical Activity Short Form Questionnaire (Sjostrom et al, 2005) and further 
tested by the respondent’s group descent speed (UK Delphi Sub Group). 
 The M6 Building Organisations required that the survey be administered 
electronically. Survey Monkey® was suggested.  This was found to be 
incompatible with “Tenant” systems. A customised compatible system based on 
Excel® was suggested and used. The M6 Trial Evacuation took place but 
problems were experienced in extracting the data associated with the 
respondent’s perception of the “Stairs”. Only frequencies are available for 
comparison. This is still considered to be acceptable as it will still allow for 
pattern-matching with similar results from PDSA Cycles 1 and 2. Generalisations 
can still be made (Yin 2009). Where the Excel® did not compromise matters, the 
data was still used but was aggregated with Building M5 for bivariate 
correlations. 
 The short form IPAQ questionnaire (Sjostrom, 2005) was integrated into 
the Questionnaire as previously stated as part of the modification of the survey 
instrument between PDSA Cycle 2 and 3 as described in Chapter 4. The data was 
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converted from the time noted against the various levels of activity into 
MET182minutes/week. Data is transformed into categorical data as follows: 
 
• Category One – Low where the total METS is less than 600 per week 
• Category Two – Moderate where the total METS is between 600 and 
2999METS per week 
• Category Three – High where the total METS is greater than 
3000METS per week 
 
 The IPAQ Instruction Manual as described by Sjostrom et al (2005) was 
used to code and analyse the data. PDSA Cycle 3 also involved the use of a 
modified adult fatigue short form survey instrument as prepared by PROMIS183 
which was also to be tested as a predictor of the number of storeys a respondent 
could cope with. This action was taken as an extension of the findings from the 
Exploratory Case Study where there was a moderately significant relationship 
between “fatigue” and number of storeys a person estimated they could cope 
with without holding others up varying between R2 of 0.6-0.76 but this would 
only be moderately significant.  
 
 
                                                 
182 MET is the metabolic equivalent of a task. It is a physiological measure expressing the energy 
cost of an activity. Values range from 0.9 for sleeping to 18 which is running at 17.5Km/hr. It is 
referenced to 4.1.84Kj-kg-1h-1. 
183 PROMIS – Patient-Reported Outcomes Measurement Information System as described by 
Rose et al (2008). This system is similar to the IPAQ system (Sjostrom, 2005) in that as a self 
reporting tool it has been validated (Rose et al, 2008). 
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Results and Comments 
 Figure 7-3 represents a framework of relationships between context and 
the individual performance indicators. It is intended that the critical contextual 
factors within each core consistency which are the “root cause” of the occupant’s 
estimated descent ability can be clearly identified. The “spine” of the Ishikawa 
Chart represents the most likely combination of factors that may or may not 
influence this perception. The survey results for PDSA Cycle 1 are based on the 
initial Canadian Questionnaire where fitness was loosely related to fatigue reflect 
the results for Buildings 3 and 7 being the exemplar buildings from the 
Exploratory Case Study (see Chapter 5). The level of significance in each case 
was moderate (p<.05). As a result of this relationship and the support provided 
by the 1977 Canadian Study (Beck, 1977) there appears to be some internal 
reliability in the Exploratory Case Study dataset between variables relating 
indirectly to fitness or functional limitations and estimated descent ability. There 
is some support to continue the function of performance in the 2008-2010 Case 
Study. 
 Descriptive Statistics Tables  
 The descriptive statistics results are presented in the following Table 7-1 
to Table 7-4. These tables are presented in prior to discussion in the text as they 
list all six buildings together. Reference is made to all four tables in each 
subsection for each core consistency or classification. 
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Variable Frequencies and Building Numbers 
Level No. M1(n = 104) † 10 M2 (n= 136) † 36 M3 (n = 106) † 19 M4 (n = 99) † 27 M5 (n = 62) † 18 M6 (n = 169) † 32 Comments 
Evac (E) & 
(W)work 
E  % W % E % W % E % W % E % W % E % W % E % W % 
1 17.3 17.5 1.5 0.0 10.5 10.6 Cp Cp 0.0 0.0 4.2 3.6 M4 first 4 levels used for car parking 
2 15.1 16.5 1.5 1.4 4.9 4.8 Cp Cp 0.0 0.0 3.6 3.6  
3 1.0 1.0 8.8 8.5 2.9 2.9 Cp Cp 0.0 0.0 3.6 3.0  
4 11.5 11.3   9.5 9.6 Cp Cp 6.7 6.7 0.0 0.0 Administration and control centre on Level 4 of M2 – 
no evacuation 
5 2.9 2.1 5.1 5.7 3.8 3.8 14.6 15.2 0.0 0.0 3.0 3.0  
6 10.6 11.3 5.9 5.7 2.9 2.9 7.3 7.6 13.3 13.3 3.0 3.0  
7 11.5 9.3 2.2 2.8 13.3 13.5 8.3 8.7 3.3 3.3 2.4 3.0  
8 6.7 8.2 4.4 5.0 8.6 8.7 11.5 12.0 11.7 11.7 9.5 9.5  
9 10.6 10.3 8.1 7.8 0 0 1.0 1.1 10.0 10.0 3.0 3.0  
10 12.5 12.4 4.4 5.0 7.6 6.7 5.2 3.3 10.0 8.3 4.2 3.6  
11     5.7 4.8 7.3 5.4 8.3 10.0 3.0 3.0  
12     8.6 9.7 5.2 5.4 6.7 6.7 1.8 1.8 Levels 10 & 11 in M2 evacuated via lifts 
13   0.7 0.7 4.8 6.7 0 0 0.0 0.0 4.2 4.2  
14   0.7 0.7 4.8 4.8 2.1 2.2 13.3 13.3 3.0 2.4  
15     0 0 6.2 6.5 0.0 1.7 4.8 3.6 Floors 15 and 16 in M3 were generally exempted 
16     0 0 0 0 13.3 11.7 3.6 4.2 Floors 16-18 in M4 were generally mid-level plant 
rooms 
17   0.0 0.7 12.4 11.5 0 0 0.0 0.0 4.8 4.2  
18       0 0 3.3 3.3 4.2 4.8 Level 18 evacuated via lifts in M2 or did not evacuate 
19   0.7 0.0   1.0 1.1   2.4 2.4  
20   8.1 7.8   0 0   3.0 3.6 No responses from Level 19 in M4 
21   0.0 0.7   1.0 1.1   PR PR  
22   3.7 3.5   9.4 9.8   PR PR  
23   6.6 5.7   12.5 13.0   PR PR  
24   3.7 3.5   1.0 1.1   3.6 4.2  
25   4.4 4.3   1.0 1.1   3.0 3.6  
26   2.2 2.1   4.2 5.4   3.0 3.6  
27   6.6 6.4   1.0 0   4.2 3.6  
28   11.8 13.5       1.8 1.2  
29   0.7 0.7       3.6 3.6  
30           2.4 2.4 Levels 30 and 31 in M2 evacuated via lifts / did not 
evacuate 
31           4.8 6.0  
32   0.7 0.7       3.0 3.0  
33   0.7 0.7          
34   4.4 4.3          
35             Level 35 in M2 refused to evacuate 
36   2.2 2.1          
†Indicates number of Levels; (n = XX) is base sample size for each building and applies to all tables in 2008-2010 Case Study 
Green highlights represent either no respondents or where levels comprise plantrooms. Yellow highlight represents levels higher than building in question 
Each cell represents percentage of the respondents of the sample represented from that storey in the building concerned 
Table 7-1: 2008 – 2010 CASE STUDY: INTRINSIC CORE CONSISTENCY PDSA CYCLES 1-3: PERCENTAGE FREQUENCIES: LEVEL NUMBERS ON WHICH OCCUPANTS STARTED EVACUATION AND 
WORKED 
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Buildings and Frequencies Variable 
M1 M2 M3 M4 M5 M6 Comments 
Age        
<20 1.0 0.0 0 0 1.6 0.6  
21-44 76.2 90.5 64.4 64.5 62.3 67.5  
45-64 21.9 9.5 28.8 32.3 36.1 31.9  
65-74 1.0 0.0 6.7 3.2 0.0 0.0  
Gender        
Male 33.0 63.2 59.4 58.9 41.0 45.5  
Female 67.0 36.8 40.6 41.1 59.0 54.5  
Height        
>1.39m 0.0 3.6 0 1.1 0.0 0.0  
1.4m 3.9 13.1 0 0 0.0 0.0  
1.5m 0.0 0.0 5.8 8.6 8.6 9.6  
1.6m 54.3 43.8 28.0 20.3 30.9 33.6  
1.7m 1.0 0.7 31.2 41.4 36.0 33.1  
1.8m 31.4 34.3 30.0 22.3 18.7 19.7  
1.9m 5.8 2.2 3.0 4.1 5.8 4.0  
2.0m 1.0 0.7 2.0 2.2 0.0 0.0  
Body Mass Index        
Underweight 1.0 5.2 1.0 1.1 3.3 1.9  
Normal weight 42.9 38.8 48.5 46.2 60.0 53.8  
Overweight 37.1 38.1 32.0 37.6 25.0 31.2  
Obese Class 1 6.7 3.0 6.8 5.4 6.7 10.6  
Obese Class 2 8.6 11.2 8.7 5.4 5.0 4.4  
Obese Class 3 3.8 3.4 2.9 4.3 0.0 0.0  
Fitness (M1-M4)       Fitness Level (Sjostrom et al, 2005) M5 & M6 
Fit  34.3 30.6 39.8 25.8 >50% <50%  
Overweight/with 
health condition 
35.2 34.3 36.9 44.1 11900 6099 Maximum 
Obese with condition 13.3 17.2 16.5 18.3 3908 1995 Mean (50%) 
Very obese with 
condition 
9.5 9.0 4.9 6.5    
Morbidly obese with 
condition 
7.7 9.0 1.0 5.4 365 49.5 Minimum 
Shoe size        
Min 250 251 243 260 245 235  
Max 328 352 319 352 330 335  
Mean 289 294 281 289 290 280  
  
Table 7-2: 2008 – 2010 CASE STUDY: INTRINSIC CORE CONSISTENCY PDSA CYCLES 1-3: FREQUENCIES: INTRINSIC CORE CONSISTENCY – OCCUPANT CHARACTERISTICS 
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Variable M1 M2 M3 M4 M 5 M6  
Requiring Assistance 2.9 4.6 0.9 0.0 0.0 5.9  
Health C onditions       I 
Heart 1.0 3.6 2.8 1.0 3.4 3.5 N 
Asthma/ Dyspnoea 11.4 7.9 3.7 12.4 15.5 9.4 T 
Prior stroke 2.9 0.7 0.9 2.1 3.4 0.6 R 
Type 2 Diabetes 2.9 0.7 2.8 3.1 3.4 2.9 I 
Balance 2.9 0.7 4.7 4.1 6.9 2.9 N 
Arthritis 3.8 2.1 5.6 7.2 5.2 2.9 S 
Reduced mobility 8.6 5.7 11.2 8.3 10.4 6.5 I 
Reduced hearing 3.8 0.7 2.7 7.3 3.4 1.8 C 
Reduced vision 4.8 4.3 5.6 12.4 15.5 3.5  
Loss of memory 2.9 0.7 0.9 4.1 1.7 1.2  
Fear of falling 2.9 0.7 2.8 13.4 6.9 7.1  
Fear of crowds 2.9 0.7 1.9 7.2 5.2 3.5  
Number of health conditions        
One 23.8 25.4 13.1 19.6 25.8 20.6  
Two 2.9 2.8 0.0 9.3 6.5 5.3  
Three + 2.9 1.4 6.5 10.3 6.5 2.4  
Stair entry control and Evac. Procedures       M 
Waiting for people to pass (told) 16.8 17.4 9.5 10.5 19.3 2.4 N 
Told to w ait 1.0 13.8 1.0 0.0 0.0 23.5 G 
Queuing 16.8 8.3 5.7 18.9         3.5  36.1 M 
Evacuation experience 85.6 33.3* 72.0 83.3 83 85 T 
Designated stair 100#  50#  83.0 81.8 86.2 97  
Group formation       G 
Entered stair with friend 31.4 79.5 48.1 54.7 76.7 67.3 R 
Formed group at w ork location 63.6 71.3 74.5 100.0 46.2 75.9 P 
Voluntary deferment (merging ) 11.9 6.4 12.4 17.9 22.8 2.4  
Conditions on stairs – perceived density       M 
Alone 26.9 6.5 10.5 30.2 0.0 2.0 N 
Few others around 69.2 50.0 71.4 67.7 5.0 15.0 G 
Crowded but moving 2.9 39.8 15.2 2.1 21.0 76.0 M 
Very crowded and slow 1.0 3.7 2.9 0.0 74.0 7.0 T 
        
  
Table 7-3: 2008 – 2010 CASE STUDY: INTRINSIC CORE CONSISTENCY PDSA CYCLES 1-3: FREQUENCIES - HEALTH CONDITIONS (FUNCTIONAL LIMITATIONS), MANAGEMENT AND GROUPS 
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Building M1 Building M2: 17† 
114)∞ 
Building M3 Building M4: Building M5:  Building M6:         Factor / Core 
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Perception of Stair 
Construction and 
Environment 
Hndrl easy to 
find 
88.1 7.9 4.0 95.3 0.9 3.8 92.3 6.7 1.0 96.9 2.1 1.0 98.3 * 1.7 93.0 * 7.0 
 1st step easy 53.2 37.5 9.3 88.5 7.7 3.8 92.2 5.8 2.0 97.9 2.1 0.0 96.7 * 3.3 95.0 * 5.0 
 Each step easy 47.4 40.2 12.4 88.6 7.1 4.3 91.4 6.7 1.9 95.9 4.1 0.0 96.7 * 3.3 94.0 * 6.0 
 Last step easy 34.0 40.2 25.8 76.2 13.4 10.4 90.3 6.8 2.9 96.9 3.1 0.0 96.6 * 3.4 94.0 * 6.0 
 Stairs too steep 20.8 33.3 45.9 48.5 28.7 22.8 23.0 25.0 52.0 9.3 35.1 55.6 11.7 * 88.3 28.0 * 72.0 
 Treads too small 27.7 31.7 40.6 45.5 27.3 27.2 26.0 24.0 50.0 20.6 33.0 46.4 18.9 * 81.1 31.0 * 69.0 
 Too many 
flights 
8.8 23.5 67.6 46.1 26.3 27.4 10.6 25.0 64.5 10.4 30.2 59.4 6.8 * 93.2 30.0 * 70.0 
Condition after 
descent 
Lower leg 
problem 
9.7 12.6 77.7 52.4 17.8 29.7 12.5 11.5 76.0 9.3 14.4 78.3 7.0 * 93.0 21.0 * 79.0 
 Dizzines/Vertigo 3.9 11.7 84.4 39.4 22.2 38.4 9.6 7.7 82.7 3.1 17.5 79.4 6.8 * 93.2 26.0 * 74.0 
 Dyspnoea 2.9 12.6 84.5 38.3 19.6 42.1 9.7 8.7 81.6 1.0 12.4 86.6 3.4 * 96.6 11.0 * 89.0 
 Chest 1.9 10.7 87.4 30.7 20.8 48.5 3.9 7.7 88.4 0.0 11.6 88.4 1.7 * 98.3 4.5 * 95.5 
 Fatigue 
generally 
5.9 12.6 81.5 48.1 14.4 37.5 6.7 13.5 79.8 8.3 14.4 77.3 4.8 * 95.2 24.5 * 75.5 
  
Table 7-4: 2008 – 2010 CASE STUDY: INTRINSIC CORE CONSISTENCY PDSA CYCLES 1-3: FREQUENCIES - PERCEPTION OF STAIRS AND CONDITION AFTER DESCENT 
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7.2.2 The Individual – Descriptive Statistics 
Buildings M1 and M2 
The intrinsic characteristic profile is shown in above. The percentage of office 
workers over the age of 45 years which is to be used for the classification of the 
mature age worker (Australian Human Rights Commission, 2008) is 22.9% in 
Buildings M1 which compares with the 19.6% in the 1977 Canadian Study 
(Beck, 1977) and is below the percentages projected for the next decade (Dixon, 
2003). In building M2 the percentage of mature age workers is only 9.5%. This 
difference may be due to culture (Table 7-5). (Yeboah, 2007) shows that in the 
year 2000, 62.5 % of the workforce (including non UAE nationals) was less than 
44 years in age. Given that the retiring age is 60 years of age the estimated 
percentage of mature age workers is slightly less than 10%. 
 
 
Table 7-5: Population by Age and Gender UAE – Source Yeboah, D.A., (2007), Impact of 
population variables on health services demand in the United Arab Emirates, Arab Studies 
Quarterly, available at:  
http://findarticles.com/p/articles/mi_m2501/is_1_29/ai_n27223614/?tag=content 
Table 7-5 shows that only 19.7% of the working population in the UAE (15-64 
years) is female with 54% being male. This would explain why only 36.8% of 
the population of M2 are female as compared with 67% in building M1 which is 
in Christchurch, NZ. The fitness profile of the population in each building based 
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on BMI which is supported by Booth et al (2002) is reflected in M1 where 19.2% 
of the population is obese and in M2 it is 17.9%. The pattern is therefore similar. 
The level of functional limitations for M1 and M2 are 17.2% and 18% being 
obese with an associated metabolic health condition. The lack of fitness is 
therefore similar between buildings.  
 The most prevalent condition in M1 and M2 is asthma/ dyspnoea (11.4% 
and 7.9%) followed closely by reduced mobility (8.6% and 5.7%). It is doubtful 
that these two conditions would be combined to the extent that the overall 
percentage of the population with these two conditions would exceed 2%. It is 
interesting to note that two cognitive conditions comprising fear of falling and 
fear of crowds only constitute 2.9% and 0.7% for M1 and M2, respectively. 
Statistically these are two possible outlier conditions184 and yet two falls 
occurred in M2 during the trial evacuation. These falls will be reported in a 
subsequent section. Reduced vision features reasonably well at 4.8% for M1 and 
4.3% for M2. The reasons attributed for the falls was lack of strength for one fall 
and a cardio vascular condition for the second. The person in each fall had a BMI 
> 30. The definition of fall in each incident satisfied that of Tinetti et al (1988) 
where the person involved came to rest on the ground. The impact of the distance 
traversed is interesting when comparing M1 and M2. The impact of distance can 
be best described by the distribution of the participants according to the floor 
from which they started their evacuation. An examination of Table 7-1 for all 
those located on a level that would involve traversing more than 10 storeys 
constitute 57.9% of the respondents for M2. Similarly a calculation from Table 
7-1 shows that 37.7% of the respondents traversed more than 20 storeys. This 
impact shows up in the pattern set up between M1 and M2 for those who 
responded by strongly agreeing with the question of how they “felt” after the 
evacuation. Table 7-4 shows up this pattern. 25.7% of the population in M2 as 
                                                 
184 Less than 5% of the population is taken to be an outlier when compared with the rest of the 
population where there is no fear of falling. Fear of falling would have a potential for falling.  
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compared with 2.9% in M1 had soreness in the lower leg or knee on completion 
of the evacuation. 21.2% of the population in M2 compared with 1.0% in M1 felt 
dizzy after the evacuation and 16.7% of M2 compared to 1.0% of M1 had 
problems breathing. Discomfort in the chest was 10% for M2 and there no 
instances of this condition in M1. Finally 23.1% of the population in M2 were 
fatigued as compared with 1.0% in M1. There is a need to further study the 
correlation matrix to establish whether there is a significant relationship between 
distance and its impact on individuals. Pattern matching shows significance. 
 
Buildings M3 and M4 
The intrinsic characteristic profile of the populations in Buildings M3 and M4 are 
shown in Table 7-2. There is a similarity between M3 (UK) and M4 (NZ) in 
terms of the percentage of the amount of mature age office workers (28.8% vs. 
32.3%). The NZ figure actually agrees with the projected rate for the UK whilst 
the UK rate is slightly below. If the mature age office worker is defined as being 
40 years plus then the raw data shows that M3 and M4 are equivalent. The 
proportion between male and female are basically the same for M3 and M4 and 
follow the same pattern for M1. The split for M2 is therefore due to culture as 
explained in the previous sections. Gender is not a significant factor in terms of 
the identification of descent speed as shown by Peacock et al (2009). This 
finding is based on a multivariate regression using aggregated data from a 
number of buildings. This is also found to be the case in this PhD Study using 
pattern analysis of the correlation between buildings M1 to M6. 
The next set of intrinsic core consistency characteristics to be analysed 
are the functional limitations or health conditions (see Table 7-3). There is some 
similarity between the two buildings except for: 
• Asthma/ dyspnoea (M4=12.4% and M3=3.7% 
• Reduced mobility (M3=11.2% and M4=8.3%) 
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• Reduced hearing (M4=7.3% and M3= 2.7%) 
• Reduced vision (M4=12.4% and M3=5.6%) 
• Fear of falling (M4=13.4% and M3=2.8%) where the difference is 
most marked out of all the variables. 
 Other possible critical conditions are balance and obesity with a health 
condition (M3=22.4% and M4=30.2%), A qualitative conclusion that could be 
drawn here based on Al-Abdulwahab (1999) and Ayis et al (2007) is that this 
would be reflected in the distribution of results showing the impact of the actual 
descent relating collectively to fatigue amongst other issues. 
 Comparing the apparent relationship between the two parts of Table 7-4 
being “perception of the stairs”, highlighted in pink and the conditions of the 
respondents after the evacuation, the following comments can be made: 
 
• Dizzy condition relates possibly to balance in health conditions as it 
could relate also to fatigue (7.8/9.6% M3 and 0.7/3.1%M4). Other 
conditions such as dyspnoea and fatigue could contribute.  
• Sore lower leg relates to reduced mobility and arthritis in the lower leg 
(knees) (12.4/6.7% M3 and 7.8/9.3% M4). 
• Dyspnoea and asthma could also relate to chest discomfort. The 
comparison will be made directly with asthma/dyspnoea (11.4/9.7% 
M3 and 7.9/1.0% M4). 
There is a pattern for vestibular and fitness conditions but this disappears for M4 
for aerobic capacity. The reported level of fitness for M4 is less than M3 and yet 
this is not reflected in M4 results in Table 7-2. There does not appear to be any 
difference from M3 even with the increased distance traversed for the occupants 
of M4 of 31.1% of the population who responded being located above the 20th 
 389
floor and with over 45% of that population being located on the 23rd floor (Table 
7-1). 
 Table 7-3 shows that on the whole Building M4 is estimated by occupants 
to be far less crowded than M3 (97.9% as opposed to 81.9% especially when 
30.2% of the M4 population said that they were alone in the stairs). Observer’s 
comments do not enhance the issue so that drawing any conclusions could be 
difficult especially when over 31.1% of the population were located above the 
20th floor. Perhaps there were more opportunities for people to rest without 
having to deal with group embarrassment (See Focus Group Conclusions in 
Chapter 6). 
Buildings M5 and M6 
 The intrinsic characteristics of the M5 and M6 populations are shown in 
Table 7-2 above. Mature office workers comprise above 30% of the workers in 
M5 and M6 which is within the representative range predicted for the UK 
(Dixon, 2003). The level of functional limitations represented by the level of 
obesity and number of health conditions are 25.8% for M5 and 20.6% for M6 
and yet the level of fitness is high for M5 and moderate for M6 using the scales 
recommended by Sjostrom et al (2005). It is expected that there will be some 
differences in the distribution of responses for this Cycle.  
 Table 7-1 shows that 34% of the occupants in M6 are located above the 
23rd floor so that this may well show up in the impact of the increased distance 
on the occupants especially given the difference in the level of fitness in M6 
(Obesity is 14.6% for M6 as compared with 11.7% for M5. The stairs in each 
building involve four turns per storey and each have a 500mm+ open well 
extending full height of each stairwell. 
 The highest levels of responses for M5 are grouped on floor numbers 6, 
8, 9-10, 14 and 16. They are evenly distributed in M6 with the largest group 
being located on level 8. There are marked similarities in the descent experience 
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in each of these buildings and yet responses may be influenced by distance 
traversed as well as by the recorded functional limitations. 
 Table 7-3 will be discussed for this cycle given the physical similarity 
between the stairs and the population with 25.8% of the population for M5 
having one health condition and 20.6% for M6. 13% of M5 have two or more 
health conditions as opposed to 7.7% for M6. It can be argued that the responses 
above would reflect a higher degree of impact for M5 than M6. This is not the 
case as will be discussed in the next paragraph. 
 The overall impact appears to relate to the increased distance that was 
traversed by 34% of the M6 population who were located above the 23rd floor. 
This is supported by the following (Table 7-3 and Table 7-4): 
• 21% of M6 as compared with 7% of M5 had sore lower legs and knees 
even although 10.4% of M5 had reduced mobility compared with M6. 
5.2% of M5 had arthritis as compared with 2.9% of M6. 
• 15.5% of M5 had asthma or dyspnoea as compared with 9.4% of M6 
and yet only 3.4% of M5 responded any problems as compared with 
11% for M6. Distance traversed can account for this. 
• 26% of the M6 occupants stated that they were dizzy after going down 
the stairs whereas only 6.8% of M5 stated that they suffered any after 
effects. This cannot be explained by postural problems, reduced vision 
or a combination of functional limitations. It may be explained by 
fatigue where only 4.8% of M5 as compared with 14.5% of M6/ This 
is supported indirectly Table 7-3 by Al-Abdulwahab (1999) and also 
by Parijat (2006) in a study of the effects of lower limb fatigue on the 
outcome of falls. One of the M6 stairs was also the site for one of the 
reported falls which it was claimed was due to vertigo or dizziness.  It 
should also be noted that the mean level of fitness for M6 was some 
40% less than M5 (measured in METS min/week).  
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 Distance traversed therefore plays an important part and will be studied 
further in the section on correlations185. It should also be noted that stair descent 
speed in M5 was most likely reduced because of density186 (perhaps some 
“platooning”) where 74% of the occupants stated that the stair was very crowded 
and moving slowly as compared with. 76% of M6 stated that the stair was 
crowded but moving quickly (Table 7-3).  
7.2.3 The STAIRS – Descriptive Statistics 
Buildings M1 and M2 
 Table 7-4 compares buildings M1 and M2 in terms of how the building 
occupants estimated the construction and environment of the STAIRS on 
completion of the evacuation. The slope of the M1 stairs is 34.50 and 300 in M2. 
M1 has a single handrail and M2 two ungraspable handrails (60mm dia.)187. The 
level of illumination was similar but nosings were more legible in M1. The 
responses did not match the observations. 
 The occupants of both buildings found the handrails easy to access and 
grasp (88.1% for M1 and 95.3% for M2). This pattern was not the same for the 
sighting, use and uniformity of the steps where on average 75% of the M2 
occupants found were satisfied as opposed to 49% of the M1 occupants. It should 
be noted however that 37% of M1 occupants were neutral on the issues as 
compared with average of 9% for M2. The visual images of M2 show a lack of 
contrast between all of the elements whereas those of M2 show a lower level of 
illumination.  
                                                 
185 It is already seen as an important determinant of overall descent speed (Peacock et al, 2009) 
and in relation to the associated impact of functional limitations by Ayis et al (2007) 
186 Shown in Section 7.6 to be due to density from checking with video results. 
187 40mm set as the limit ergonomically and also see Aldersen (2010). Possible that merely 
running their hand along the surface of the handrail was sufficient as shown by Reeves et al 
(2008a) 
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 48.5% of the M2 occupants compared to 20.8% of the M1 occupants 
estimated that the stairs in M2 were too steep. Even the treads in M2 were wider 
(300mm) as compared with M1 (270-285mm).  This was not reflected in the 
occupants’ perceptions where 26.7% of the M1 occupants thought the treads 
were too narrow as compared with 47.5% of the M2 occupants where the treads 
were wider. It is interesting to note that 78.8% of the shoe size worn by the M1 
population was less than 8.25 UK and less than 8.3 UK for 70% of the M2 
population. It would appear therefore that once again the distance traversed 
would have made the difference when viewed in the context of Table 7-4 above. 
 
Buildings M3 and M4 
 The stairs for M4 are scissor stairs comprising two flights in one run with 
an intermediate landing per storey with approximately ten steps per flight. The 
clear width between handrails is 1000mm and there are two 40mm diameter 
handrails at 900mm. The treads are 260mm wide and the risers 150mm high. The 
slope is some 300. The steps and handrails are reasonably well defined. 
 There are two stairs in the M3 building one known as the “clean stair” 
which is carpeted with a dark brown carpet providing a contrast with the 
surrounding white walls. The steps are defined by aluminium nosings but the 
treads are only 245mm wide. Support is provided by a single square section 
handrail (35mm square) where the user’s grasp is broken by continuous vertical 
supports. Risers are 190mm high. The other stair is known as the “dirty stair” 
comprising an off form concrete environment. The treads are 250mm wide and 
the risers 190mm in height. The handrail is a square section as before and is 
painted red. The nosing of each step is marked with a contrasting yellow stripe. 
The level of illumination is approximately 100 lux. The gradient of the steps is 
370. 
 The legibility, uniformity and construction of each flight are virtually the 
same for each building. The gradient for M4 is less than M3. Table 7-4 shows 
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that 92.4% of M3 and 96.9% of M4 respondents found the handrails easily. 
92.3% of M3 and 97.9% of M4 respondents found the first step in each flight 
easily and this response was consistent for uniformity and turning at the last step 
in each flight. Only 25.8% of M3 found the treads too narrow as compared with 
20.6% for M4. The fact that 57% of the respondents for M3 wore shoes 8.5UK 
and less and that 67% and less of M4 occupants wore size 9.0UK shoes does not 
appear to account for the difference in the responses. The responses follow the 
same pattern as M1 and M2. 
 23.1% of the occupants of M3 found that the stairs were too steep and 
9.3% of M4 found that they were too steep. The difference of 70 may in fact be 
significant. The impact was recorded in Table 7-4, where the steepness could 
have accounted for the increased dizziness, sore lower legs and knees, and 
fatigue. It does not reflect the increased incidence of the fear of falling which 
amounted to 13.4% of the respondents. This same proportion did not increase the 
rate of 9.3% who thought that the stairs were too steep so that 300 must be 
satisfactory. This is supported by Figure 7- 5 where 300 falls within the preferred 
zone. 
 
 
 
 
 
 
 
 
 
Figure 7- 5: Figure of stair gradients from D1/AS1 (DBH, 2011) 
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Buildings M5 and M6 
 The configuration of the stairs from each of these buildings incorporate 
three intermediate landings which result in four turns being made every storey. 
The test stairs for the Fuller Figure and Mature Age Worker Focus Groups 
studied in Chapter 6 were from M6. They mentioned that the increased number 
of turns made them feel dizzy along in association with the distance traversed. 
They said that the dizzy feeling was triggered by the constant “downwards 
spiral”188. The slope of the M5 stair is 330 and 37.20 for M6. The width of the 
treads for M6 is 250mm as compared with 270mm for M5. M5 has open treads 
which are contrary to most building codes. The level of illumination is in excess 
of 100 lux for M5 and M6. 
 The handrail for M5 is a rectangular timber section which is not 
graspable189 as compared with M6 which is circular and graspable. The steps in 
M6 are less conspicuous than M5. Table 7-4 shows how the occupants estimated 
the stairs during their evacuation. A view of the M5 stairs is included at this stage 
for reference in Figure 7-6. 
 
 
 
 
 
Figure 7-6: M5 Stair - open risers  
                                                 
188 Downwards spiral increases with the number of turns per storey and M6 had 3 times as many 
as M5. 
189 Rectangular dimensions preclude a full circling by the hand and is not suitable to prevent a fall 
(Alderson, 2010) 
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 It will be interesting to see whether or not the open risers distracted the 
occupants as they went down the stairs. 
 An analysis of Table 7-4 reveals the following: 
 
• The observed differences in the handrail types and their conspicuity 
did not trigger any marked differences in response with over 80% of 
the occupants in each building recording their general satisfaction. 
• There were no real issues with the legibility and configuration 
recorded in that an average of over 90% of the occupants was satisfied. 
• Small treads were an issue for M6 where 31% of the occupants were 
concerned as compared with 18.9% in M5. This is interesting where 
50% in each building required a 285mm tread to accommodate their 
feet facing front on. In terms of M6 the overhang of 50% of the 
occupants’ feet would exceed 10mm. This may support the 31% 
response from M6. One of the members of the larger figure focus 
group with size 10+UK shoes confirmed that he “minced’ down the 
stairs. 
• The gradient of the stairs was certainly an issue. 28% of the M6 
occupants as opposed to 10.3% of the M5 occupants thought that the 
stairs were too steep. There is an increase in gradient of the M6 stairs 
over the M5 stairs by some 4.20, but it is highly unlikely that this 
would have triggered the increased perception. It is more likely that 
the perception was reinforced by the narrow treads and the increased 
distance traversed.  
• Distance, as reflected in the question “there were too many flights”, 
was also an issue. 30% of the M6 occupants agreed that there were too 
 396
many flights which can be directly attributed to distance since 34% of 
the occupants evacuated from above the 23rd floor. 
7.2.4 You and Others (Group) 
Buildings M1 and M2 
 Table 7-3 shows that 79.5% of the occupants in M2 as compared with 
31.4% in M1 formed groups prior to entering the stairs. This may be due to a 
difference in cultures190 or office layouts even with 63% of the population in M2 
being male and only some 36% in M1. The evacuation of M1 was rapid and 
occupants were used to the exercise and therefore group formation may not have 
been important. Groups were formed according to the work location which 
shows that in aggregate some 54% of the M2 occupants were involved as 
compared with some 20% in M1.  
 
 It could be argued that it was the scale of the space provided by the 
degree of internal subdivision of the floor plate (four strata units per level) on 
each level and ownership of the office space that dictated this. Wineman and 
Adhya (2007) support this due to the estimated degree of privacy, the increased 
degree of connectivity and most likely a greater awareness of organisational 
issues. The floor space in M1 was not subdivided to the same degree; the 
organisations were much larger in size and in some cases occupied a number of 
consecutive floors. Another possibility is the influence of management and their 
evacuation procedures. The occupants of M1 were more likely to be familiar 
with trial evacuations and their awareness of the short duration involved so that 
they did not see the need to evacuate with their friends to the same degree as M2. 
The evacuation time for M2 was also four times that of M1 and amounted to 
double the distance.  
                                                 
190 Purely an observation raised by more than one observer who were all expatriate. 
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 The degree of voluntary merging basically followed the same pattern in 
M1 and M2 indicating that the occupants were either “told” by the fire wardens 
to wait their turn or did not have any need to merge because of the sequencing of 
the evacuation. This is discussed further under “Management – M1-M2”. 
Buildings M3 and M4 
 Building M3 and M4 had similar floor plate subdivisions and types of 
organisations so that according to Wineman and Adhya (2007) group formation 
as influenced by the work setting and conditions should be similar for each 
building. M3 is located in the UK and M4 in New Zealand 
 Buildings M3 and M4 are similar in terms of the group numbers entering 
the stairs being 48.1% and 54.7% respectively (Table 7-3). There is a difference 
in where the groups were formed being 74.5% for M3 and 100% for M4. The 
percentages that formed the groups still show the influence of working space and 
conditions (Wineman and Adhya, 2007). Figure 7-7 shows a similar pattern for 
all buildings for where the groups were formed except for Building M5. Across 
all the PDSA Cycles M3 and M4 are close to the “mean” for the percentage 
entering. M3 coincides with the mean in terms of where the groups were formed 
whilst M4 stands apart from the remainder by some 25%. This difference cannot 
be explained other than it still fits in with the pattern of the remaining buildings 
other than Building M5. Voluntary merging for the two buildings is similar and 
follows the general pattern for all buildings (M3=12.4% and M4=17.9%). This 
will be further compared with the influence of Management and Procedures in 
the section, “Management – Buildings M3 and M4” 
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Plots are for categorical data and clearly indicated in symbol format. The linking together of the 
symbols is to indicate the pattern of each group of responses for the purposes of pattern 
matching. (Hak and Dul, 2009) 
Figure 7-7: Graph of Group formation M1-M6 for pattern matching comparison 
Building M5 and M6 
 The floor plates for M5 and M6 are rectangular in shape with a length to 
width ratio of approximately 3.5 to 1 for M5 and 2.5 to 1 for M6. M5 
accommodates a large government department and M6 a large banking 
organisation. The orientation of the floor plate for M5 interfered with the 
connectivity (Wineman and Adhya, 2007) between work groups on each floor 
whilst in M6 this connectivity was less. Also this core consistency would have 
been strongly influenced by the Evacuation Strategy for both M5 and M6. In M5 
the evacuation strategy was for an “uncontrolled” (one-out, all-out) sequence 
whilst in M6 the procedure was for a sequential evacuation where floors 
evacuated in groups of three with each floor using a designated stair. M6 
involved a greater degree of interface between occupants and fire wardens whilst 
in M5 everyone just responded automatically to a single alarm and headed 
straight for the stairs. The difference in spatial conditions and evacuation 
organisation/management is most likely responsible for where the groups were 
formed by 46.2% of people in M5 in their work location as compared with 75.9% 
for M6 (Table 7-3). 
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 Merging was marked in M5 because of the size of the population all 
entering the stairs at approximately the same time. 22.8% of the population in 
M5 queued before entering the stairs and voluntarily merged with others as 
compared to 2.4% in M6 due to the staggered stair entry times. The extent of 
grouping in the stairs was similar for M5 and M6 (76.7% and 67.3%).   
 The pattern of responses for this core consistency is inconsistent for M5 
(see Figure 7-7) based on the high rate of group formation prior to entering the 
stairs, the fact that the groups did not relate to the work location to the same 
degree as the other building and also that the extent of merging was marginally 
higher than for others. The difference is also most likely due to the impact of 
“Management”. 
7.2.5 Management and Maintenance – Statistical Analysis 
Buildings M1 and M2 
 Table 7-3 indicates that 11.9% of the population for M1 and 6.4% for M2 
voluntarily deferred to others coming down the stairs as opposed to 16.8% (M1) 
and 17.4% (M2) who were instructed to do so by fire wardens or as part of their 
procedures. Some limited merging did occur because of the limited extent of 
queuing shown in the same table.  
 The pattern of evacuation experience and its impact on group formation 
and compliance with procedures is indicated in the difference between the 
responses for M1 and M2 where M1 exceeds M2 by some 52.3% for evacuation 
experience and 50 % in terms of the use of a stair designated in the procedures. 
Feedback from the observers indicated that M2 occupants were not really aware 
in detail about what they were expected and had committed to do. Table 7-1 
indicates the number of floors where occupants used lifts in lieu of the stairs. 
This was most likely as a result of the extreme 400C+ temperatures and the 
failure of the stair ventilation systems (see also results of 1977 Canadian Study in 
Chapter 5).  
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Buildings M3 and M4 
Table 7-3 shows that 81.9% of the M3 population and 97.9% of the M4 
population paint a picture of a sparsely populated stairwell.  Both M3 and M4 
held regular evacuation drills once or twice per annum and this is confirmed by 
72% of the respondents from M3 and 83.3% from M4. This is well in excess of 
Building M2 (33.3%) and is similar to M1 (85.6%). It would also appear that the 
occupants were familiar with their stairs as 83% from M3 and 81.8% from M4 
used their designated stair showing a similar influence as for M1 and a difference 
for M2 (little evacuation experience). The percentages of occupants in each 
building waiting for people to pass under instructions from fire wardens and also 
as a result of organised queuing totalled 16.2% for M3 and 29.4% for M4 which 
is shown to be of the same “order” from the responses in Table 7-3 above where 
the stairwell is estimated as being sparsely populated. 
 No substantiated explanation can be given for the apparent difference in 
the location of group formation for building M4 so that it could quite well be 
other spatial and working condition factors such as those mentioned by Wineman 
and Adhya (2007) for which additional tenant information would be required and 
which could not be made available as the result of the agreement with the 
building owners. 
Buildings M5 and M6 
 The impact of management on the trial evacuations for M5 and M6 is 
shown in Table 7-3. 23.5% of M6 (M5=3.5%) queued before entering the stairs. 
This was generated by the fire wardens who only allowed the occupants to 
evacuate at set times because of the sequential or phased evacuation strategy. 
The 19.3% of the M5 population (M6=2.4%) who waited for people to pass 
deferred as part of the practised procedure. The previous claim of prior 
evacuation experience is supported by the 83% and 85% response rates for M5 
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and M6191 respectively and by the high response rates for the use of the 
designated stair. 
 It is interesting to note that the Fuller Figure and Mature Age Focus 
Groups commented on the test stairs in M6 stating that there was no colour 
contrast between each steps in the stairs and also between the handrails and the 
surrounding walls. The standard of maintenance in M6 was high and when 
Management heard about the comments of the “white-out” conditions in the 
stairs they improved the situation by marking the nosings.  
 
7.3 Relationships drawn from Correlations 
 The correlations for M1-M6 are presented together as the correlation 
matrices are preceded by factor analysis using aggregated data.  
 The following schedules are included: 
• Factor analysis for health conditions/ functional limitations / including 
those after descent 
• Factor analysis of STAIRS 
• Combined factor analysis for STAIRS and the Individuals’ functional 
limitations 
• Correlation matrices. 
 The factor analysis related to the stairs and the functional limitations 
that appeared as a result of the completion of the stair descent task. The 
correlation matrices in Table 7-9 and Table 7-11 showed highly significant 
correlations between all the “STAIR” factors and the functional limitations for 
all six buildings. These relationships could then be generalised across the 
cases and provide the argument for aggregation ready for factor analysis. It 
                                                 
191 M6 could quite easily be challenged and most likely refers to previous experience. 
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was also necessary to isolate out that those functional limitations or health 
conditions that related directly to stair descent and compare them with the 
other self reported health conditions from the questionnaire in the Appendix 
A3. 
 
Table 7- 6: Stair Survey Response-- Factor Analysis 
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a) Heart condition                         
 .482   
b) Asthma or breathing diff. 
.255    
c) Prior stroke 
 .680   
d) Type 2 diabetes 
 .770   
e) Balance .711    
f) Arthritis    .684 
g) Reduced mobility 
   .615 
h) Injury so no walk quickly 
   .711 
i) Hearing loss or reduced hearing 
  .790  
j) Reduced vision 
  .605  
k) Loss of memory 
 .572   
l) Fear of falling 
.681    
m) Fear of crowds 
.709    
Selection values ≥0.7 drop (a), (b), (c), (f), (g), (j), (k), and (l)       
Selection values ≥0.6 and ≤ 0.69 drop (a), (b), and (k)       
Selection values > 0.5 capture all health conditions except for asthma/ dyspnoea which 
changes when coupled with stair descent impact question.                           
KMO = 0.83, Variance 53%, Eigenvalues > 1 and selection values as noted above 
Table 7-7: Factor Analysis Output for Health Conditions / Functional Limitations
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Stair visibility 
D
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Variable 
Component                   
H e a r t  C o n d i t i o n  
A s t h m a  o r  d y s p n o e a   
P r i o r  s t r o k e  
T y p e  2  d i a b e t e s  
B a l a n c e  
A r t h r i t i s  
R e d u c e d  M o b i l i t y  /  i n j u r y  
R e d u c e d  h e a r i n g  
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S o r e n e s s  i n  l o w e r  l e g  
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D y s p n o e a  a f t e r  d e s c e n t   
C h e s t  d i s c o m f o r t  
S o r e  k n e e s  
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       1. 
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. 8  
 
 
 
 
 
 
. 5 0  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All com
ponent eigenvalues > 1 and selection values > 0.7 except with lower cut-off at 0.5; KM
O
 = 0.84 and Variance = 73%
 
Table 7- 8: C
om
bined Factor A
nalysis O
utput 
            
 405
 
Variable 
D
e
s
i
g
n
a
t
e
d
 
s
t
a
i
r
 
S
t
a
i
r
 
f
r
i
e
n
d
 
C
o
n
d
i
t
i
o
n
 
o
n
 
s
t
a
i
r
 
F
a
t
i
g
u
e
/
 
t
i
r
e
d
 
T
o
o
 
m
a
n
y
 
f
l
i
g
h
t
s
 
H
a
n
d
r
a
i
l
 
e
a
s
y
 
t
o
 
f
i
n
d
 
F
i
r
s
t
 
s
t
e
p
 
e
a
s
y
 
E
a
c
h
 
s
t
e
p
 
e
a
s
y
 
L
a
s
t
 
s
t
e
p
 
e
a
s
y
 
S
t
a
i
r
 
t
o
o
 
s
t
e
e
p
 
T
r
e
a
d
s
 
t
o
o
 
n
a
r
r
o
w
 
S
t
a
i
r
 
c
o
n
f
i
d
e
n
c
e
 
S
t
o
r
e
y
s
 
c
a
n
 
c
o
p
e
 
w
i
t
h
 
w
i
t
h
o
u
t
 
a
 
r
e
s
t
 
Designated stair  
 
3  3* 2         
 
Stair friend    3          
Conditions on 
Stair 
     3 (3) (3)* (3)*  (3) (5)   
Fatigue/ tired     1**2**3**4** 
 
(1*)(3)*(4) 
 
(3) (3) (3) 2* 2**4 1 5  
Too many flights 2  3 1**2**3 
4** 
 (3)**5** 
  
(3)**5 2(3)**5 (2)*(3)(4)5** 3**4** 3**4** 1 4 
Handrail easy to 
find 
  (3) 
 
(1)*(4) (3)*5**  (3)*4**5** 1 2**3**4 
5** 
2**3**4** 
5** 
(3)5* (4)   
First step easy   (3)* (3) (3) 1*2**(3)**4** 
5** 
 1**2**3***4** 
5** 
1**2**3**4** 
5** 
(3)**(4)**5** (1)**(3)**(4)** 
5 
(4)** 5 
Each step easy   (3)* (3) 2(3)*5 1 2**3**4** 
5** 
1**2**3**4** 
5** 
 1**2**3**4** (3)**(4)** 
5* 
(1)(2)(3)**(4)** (3)(4)* 5 
Last step easy   (3)* (3)** 2(3)**(4)5** 2*3**4** 
5** 
1**2**3**4** 
5** 
1**2**3**4** 
5** 
 2**(3)**(4)** 
5 
2(3)**(4)** (3)(4)* 2 
Stair too steep    1 2 2**4** 5** (4)*5 2(4)**5* 2*(4)*  1 2**4**5** 1** 4 
Treads too narrow  5 3 2**4  1**2**3**4** 
 
(3)**(4) (1)*(3)**(4)** 
5 
(1)*(3)**(4)** 2(3)**(4)** 2**3**4** 
5** 
 1**  
Stair confidence   5* 2 3 1  (4)** (4)** (4)** 1** 1**  1*4 
6* 
Storeys can cope 
without a rest 
No rest 
   4 4  5  2 3 4  1*4 6*  
** p<.001; *p<.01; no superscript = p≤ .05 All R’s >0.2 / All M5 relationships are significant for M6.      All buildings (100%)      60% all buildings    50% all buildings 
Table 7- 9: Correlation Matrix for “STAIR” Survey Variable 
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Variable too many flights sore lower leg dizzy/descent dyspnoea chest discom fatigue general fatiguewalking falls history fear of falling fear of crowds no.health cond. Age Gender BMI Mets
Sore lower leg 1**,2**3, 4**5** 1**,2**3**4**5** 1**,2**3**4*5** 1**,2**3**4**5 1**,2**3**4**5** (1)**,(3)  (5)* (3)* (1)**,(2)*(3)(5)* (3), (1),(3)*(4)* (1),(3)*(4)*
dizzy/descent 1**,2**3** 4** 1**,2**4**5** 1**,2**3**4**5** 1**,2**3**4**5** 1**,2**3**4**5** (1)**,(3)* (1)**,(3)* (1)**,(3)*5 (1)**,(2)*(3)*(5)* 2, (1),(2)*(4) (1),(2)(4)
dyspnoea 1**,2**3** 4*5** 1**,2**3,4**5** 1**,2**3**4**5** 1**,2**3**4**5* 1**,2**3**4**5** (1)**,(2)* (1)*,(3)*(5)** (1)**,(3)*(5)* (1)**,(2)**(3)*(5)** (1),(2)(4) (1)*,(2)*
chest discomfort 1**,2** 4**5 1**,2**4**5 1**,2**3**4**5** 1**,2**3**4**5** 1**,2**3**4**5** (1)**,(2) (5)** (3)*(5)** (1)**,(2)*(3)*(5) (1),(5) (1),
fatigue/general 1**,2**3*4**5** 1**,2**4**5** 1**,2**3**4**5** 1**,2**3**4**5** 1**,2**3**4**5** 5 (1)**,(2) 4 (1)**,(2)*(3)* (1),(2) (1)*,(2)*
fatigue/walking 5 5 5 5* 5
Falls history (3)* 1**,2**3* (1)**(3)* (1)*,(2)* (1)**,(2) (1)*,(2) 2**3** 2**3** 1*,2 2,4* 1, 1,2
fear of falling (1)**,(3)* (1)**,(3)*(5)** (5)** 5 3** 1**,2**3**4,5** 1**,2**4**5** 2*, 3* 1*,2,3
fear of crowds (5), (1)**,(3)*(5)* (1)**,(3)*(5)* (3)*(5)** 5* 2**,3** 1**,2**3**4 1**,2**4** 5** 2*, 3 1*,2 ,3**
too many flights 1**,2**3*5** 1**,2** 4** 1**,2** 4*5** 1**,2**5*, 1**,2**3*5** 2**3* 4,5 3
no. health conditions (1)*,(2)*(3)(5)** (1)*,(2)*(3)(5)** (1)**,(2)*(3)(5)** (1)**,(2)**(3)*(5)** (1)**,(2)*(3)* (1)**,(2)*(3)* 5 1*,2*3* 1**,2**3**4**5** 1**,2**3**4**5** 1, 1,2
Age 2*3 2* 3** (2)(3) 3 3*
Gender (2), 2,4*    (2),(3)
BMI 4* (3)*(4) (1)**,(2)*(4) (1)**,(2)(4) (5), (2),(4) 1,3 1,3 1** 3 1**,2**3**4**5**
Mets 1, 4* (1)*,(3)*(4)*                                                                                                (1)**(2)(4) (1)**,(2)*(4) (1)**, (1),(2)* 1,2 1,2,3** 1,2,3,4 1**,2**3**4**5 3* 1**,2**3**4**5**
All correlations > 0.2 ; **p ≤.001; *p ≤.01; otherwise p ≤.05 All buildings across PDSA 1-3 60% buildings across PDSA1-3 50% buildings any PDSA Cycle
1,2,3,4,5 = Buildings M1-M6 with M5 and M6 being aggregated  
Table 7- 10: Correlation Matrix for Individual and Individual/Stair/Group 
 
• 1-1: Generally tired and conditions in stairs: M1/M2 not significant/ M3/M4 not significant; M5 (r=0.38 and p<.01) M6 (r=0.44 and p<.01) 
• A-A: Designated stair and entered with friend: M1/M2 not significant; M3 (r=0.3 and p<.01) and M4 not significant. M5/M6 (r=0.35 and p<.01) 
• B-B: Group and conditions in stairs: M1/M2 not significant; M3/M4 not significant; M5/M6 not significant  
• *-*: Warden Instructions and Designated Stair M1-M6 (r=0.3 and p<.01)  
• *-*: Entered with a Friend and where formed group M1-M6 (not significant)  
Table 7- 11:  Inter consistency relationships 
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7.3.1 Factor Analysis – Aggregated Data 
 In an attempt to reduce data for an improved view of relationships that 
may be significant an exploratory factor analysis of buildings M1-M6 is 
presented in Table 7-6 to Table 7-11 above. The analysis establishes the 
relationships between variables based on their correlations to see whether there 
are any themes, patterns or groupings that may appear. The method used is the 
principal component analysis as this method of factor analysis attempts to 
explain the maximum amount of variance using the minimum number of 
underlying factors (Hinton et al, 2005). The factors are named to summarise the 
grouping of variables they represent.  
 The factor analysis procedure establishes an eigenvalue for each factor 
(>1) so that the factor can explain a relationship as a single variable. As the 
differences between the eigenvalues tend towards 1, the amount of variance 
represented by each principal factor decreases. The minimum difference in 
variance is usually 5% of the dataset or set of variables.  
 SPSS V16 Principal Component Analysis is the one that is used with the 
following statistical inclusions: 
• Univariate correlation matrix with significance levels* 
• Kaiser-Meyer-Olkin test of sampling adequacy where the factor 
should exceed 0.7 for the analysis to be internally reliable.* 
• The Varimax rotation method is used to extract the data together 
with the number of iterations required for the data to converge to 
arrive at the factors they have produced.* 
• Selection values for each of the grouped variables where the cut-
off value should optimally be > 0.7 and certainly not < 0.5.* 
(* As suggested by Hinton et al, 2005, pp. 340-354 together with the UK Delphi Group) 
 408
 The initial analysis attempts to explore the grouping of the impact of stair 
descent on the individual and those STAIR perception variables that relate to this 
impact. Table 7-6 shows the results. There are two principal components or 
factors that explain 83.9% of the variance in the set of variables analysed. The 
KMO test result is 0.93 (>0.7) and the selection values for the included variables 
are >0.6. Component 1 has an eigenvalue of 7.8 whilst the second component has 
a value of 4. The major principal component grouping is interesting as it includes 
the STAIR variables of “too many flights” (distance), small treads (foot 
placement and stance) and the pitch or gradient of the stairs together with their 
associated impacts which relate to functional limitations and fitness. The second 
component is totally comprised of STAIR issues: 
 
• Visibility and uniformity of steps 
• Reachability of handrails for support and guidance 
The first component is named “Descent Hazard or Risk” as it deals with those 
factors contributing directly to falls being distance, tread width and pitch and the 
second “Visibility and Support” which relate to reachability of handrails and 
visibility of the steps. Table 7-7 attempts to reduce “health conditions” or 
“functional limitations” into a number of principal factors. The purpose of this is 
to compare the grouping of the self designated individual conditions with the 
variables listed in Table 7-6 above. It is interesting to note that the selection 
values for asthma fell well below 0.5 along with heart condition. Loss of 
memory also failed. Balance as a vestibular condition along with the cognitive 
variables of “fear of falling” and “fear of crowds” form the first principal 
component that are summarised as “Cognitive/ Neurological” conditions (Horak, 
2006). The second major component includes “Metabolic” conditions as 
described by Booth et al (2002). The third component deals with reduced vision 
and hearing and therefore relates to orientation in the main. The fourth 
component deals exclusively with lower limb mobility. A comparison between 
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Descent 
Hazard
Stair visibility 
and support
Posture/ stability
Mobility / pain 
Metabolic (cardio, BMI etc.)
Breathless, dizzy, chest, sore knees, and 
fatigue and distance
Max no. storeys can cope 
without a rest / holding others 
up
Group formation, relationship 
and impact - RISK
Management
the impact variables and the self designated health conditions show an 
agreement of 60% with expected exclusions being dyspnoea and fatigue. It 
could be argued that the latter “impacts” are more directly associated with the 
level of fitness than other health conditions. 
 Table 7-11 is a combined analysis of the entire data set and shows the 
“ordering” of the variable groups. The ordering is as follows: 
• Component 1 – Descent Risk or Hazard 
• Component 2 – Visibility and support 
• Component 3 – Mobility  
• Components 4/5 – Stability and Posture 
• Component 6/7 – Metabolic (incl. reduced vision) 
Figure 7-8: Ishikawa Chart 
of factor Analysis Results 
showing framework for 
satisfaction of Aim and 
Objectives 
 
 
 
 
 
 The STAIR factor of descent hazard is of special significance as it 
highlights one of the main comments made by the focus groups in Chapter 6 
concerning the “ever continuing downward spiral”. The coupling of “too many 
flights” with “steepness” provides this “feeling” of the downward spiral and that 
is directly connected with fear of falling and crowds. The latter are also grouped 
with balance. It is interesting to note that there is a pattern between the factor 
analysis of the survey data and the measured data in the intent of the major 
principal component which is concerned with descent risk. The variable with the 
 410
highest selection value in the instance of the measured data is the riser height 
comparing with that of stair steepness in Table 7-6 above. 
 The Individual arm of fin of the Ishikawa Chart Model in Figure 7-8 
shows the grouping of the functional limitations and after effects of stair descent 
as posture, mobility and metabolic condition. This grouping confirms the 
concern of the focus groups with the effect of the “continuous downwards 
spiral”. 
 The spine of the Ishikawa Chart Model in Figure 7-8 is where the effect 
of the extrinsic stair characteristics on the individual going down those stairs is 
analysed. The text highlighted in red shows the effects as fatigue, dizziness, 
breathlessness, chest discomfort and pain in the lower limbs. Distance as 
reflected in “too many flights” can have an apparent impact on the estimated 
pitch of a flight of stairs as shown in the different responses for M1 and M2 in 
the previous section especially when the width of the treads in the M2 stairs is 
sufficient for the mean M2 foot. The action of the individual in going down the 
stairs actually pitches the individual concerned forwards (Reeves et al, 2008a) so 
that increased distance can reinforce the feeling of falling. This is also confirmed 
by the benchmark focus group analysis described in Chapter 6. 
 The other factors in the two extrinsic core consistencies of Management 
and the Group were not directly included in the analysis because they deal with 
what happens after the fall except for the situation where the evacuation strategy 
results in less dense occupation of the stairs so that descent speeds are higher. 
Individuals in the group situation may be too embarrassed to ask the group to 
slow down or to make allowance for their limitations in the planning of trial 
evacuations. They are still included in Figure 7-8 above for the following 
reasons: 
 
• The advice received from the Delphi Group. 
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• The important association between altruism, the group and the 
individual with functional limitations as shown in the two content 
analysis case studies in Chapter 6. Adams and Galea (2010) show the 
number of individuals required to assist an obese individual who may 
have fallen. A similar example is shown in the Dwyer and Flynn 
(2004) Content Analysis in Chapter 6. The “plug” formed by the group 
assisting the individual may result in delays where the stairs are not 
wide enough for people to pass. This is the case in M1-M6 confirming 
the finding of Peacock et al (2009).  
• The impact that a scenario developed from the BMI Benchmark Focus 
Group Test and survey from Chapter 6 where the average speed of a 
potential group would have decreased by some 31% in one instance 
and 51.7% in the other. The velocity/ density charts for M1-M6 
(excluding M5) also confirm this. 
• The impact that Management can have in the evacuation strategy they 
select for training. Responses from M5 individuals show that 
conditions in the stairs were extremely crowded. High densities and 
slower descent speeds can mask fatigue so that distance can have a 
reduced impact on after-effects such as fatigue, dizziness, and 
breathlessness (Galea et al, 2008).  
 The objectives of the PhD Case Study are to establish those contextual 
factors that play an important part in the safe descent of multiple flights of stairs 
for office workers. The pattern of these relationships is discussed for all 
Buildings (M1`-M6) in the next section. 
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7.3.2 Intra correlation relationships 
The STAIR 
Correlation matrix (Table 7- 10) confirms the grouping outcome achieved in the 
Factor Analysis (Table 7-6) where there is a reasonably significant relationship 
between all the variables dealing with visibility and support across all the 
buildings (R>0.2 and p<.001). This did not include the pitch of the stairs and the 
width of the treads. Significant relationships were found for M2-M6 between 
narrow treads and steep stairs confirming that narrow treads are associated with 
steep stairs in general terms confirming that the user finds difficulty with the 
placement of their feet and hence a front on stance and requires support because 
of the “continuous downward spiralling” effect of the pitch or gradient. This 
grouping is one of Risk. There are also significant relationships between distance 
(too many flights) and narrow treads for buildings M1-M4 as well as for narrow 
treads and steps legibility for M3 and M4 and M1 and M2 in part (R>0.2 and 
p<.05). Such a relationship has been confirmed in practice by Nagata (2006). 
There is a further significant relationship on an aggregated data basis for foot 
length and narrow treads (R=0.35 and p<.01) that matches the findings of Nagata 
(2006). The confirmation of Nagata’s finding by the above correlation is 
interesting because it is an actual self reported measurement (shoe size) 
correlated with a perception of tread width which is an estimate. 
The Individual 
Correlation matrix Table 7-10 shows some interesting significant intra core 
consistency variable relationships which also agree with the grouping in the 
Factor Analysis in Table 7-6: 
• Sore knees and lower legs with postural stability (p<.001) 
• Postural stability and fatigue (p<.001) 
• Out of breath and fatigue (p<.001) 
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• Chest discomfort and fatigue (p<.001) 
• Estimated distance traversed correlates significantly with pain in the 
lower limbs, fatigue and breathlessness (p<.001) 
p<.001 is highly significant 
The R for the above relationships are all >0.25 across M1-M6. The level of 
significance is high. This sets up a pattern so that the above could be applied as a 
generalisation across most multi storey office buildings. It also reflects the 
findings of Bergland et al (2008). They generally do not correlate with age or 
gender192. A regression analysis across the aggregated data set where the 
dependent variable is an individual’s fall history and the independent variables 
are described as health conditions are all moderately significant at p<.05 and 
R2=0.329. This confirms that the variable number of health conditions could be 
considered to a certain degree in analysis. The “number of health conditions” as a 
computed variable correlates reasonably significantly with the fear of falling, the 
fear of crowds and pain in the lower limbs, for all buildings M1-M6. Also the 
“number of health conditions” correlates reasonably significantly for M1-M6, 
excluding M4, with breathlessness, sore lower limbs and postural stability which 
are the self reported impact variables resulting from stair descent. 
 The lack of a significant relationship between age and variables such as 
fitness could be challenged and therefore needs to be discussed further in the 
next two main sections on PDSA Cycles 2-3 (M3-M6). This was not the finding 
from the Mature Age Focus Group analysed in Chapter 6. The lack of correlation 
is, however, consistent from building to building. Aggregating the data for M1-
M4 there is a reasonably significant relationship between BMI and Age (R=.512, 
p<.01).  
 
                                                 
192 Peacock et al (2009) agrees with gender. Correlation with age is achieved with M2 (p<.01). 
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Table 7-12: Cross tabulation of Age by Body Mass Index - Aggregated for M1-M4 
 Table 7-12 provides a view of the distribution of BMI associated with 
each age group. 27.4% of the aggregated mature age population has a BMI > 30 
whilst the 21-44 year age group is 13.2%. There is a distinct pattern between the 
two groups shown in Table 7-12. There is no distinct pattern across M1-M6 in 
terms of each building. This could be explained by a potential finding that as the 
office building populations are combined that they more closely resemble a 
general population profile as shown in Chapter 2 (Dixon, 2003) even with the 
low percentage of mature workers in the UAE which is reflected in the M2 
population profile shown in Table 7-5 above. There is a linkage between BMI 
and age as measured by the walking velocity (Hulens et al, 2003).  
 There are moderately significant relationships for 50% of the buildings 
between BMI and dizziness, and lower limb pain and breathlessness (R>.15 
p<.05). Dizziness can be seen as one of the components of postural stability and 
the relationship between the latter and BMI is documented (Al-Abdulwahab, 
1999). As the “number of health conditions” and BMI each correlate with age 
and that this is demonstrated by a walking velocity test (Hulens, 2003 and 
Spearpoint and MacLennan, 2012) a fitness variable was computed that reflected 
this relationship for buildings M1-M4 as a precursor to the METS variable based 
on the IPAQ Short Form Questionnaire for M5 and M6. BMI also correlates 
moderately significantly (p<.05) with the fear of falling and fear of crowds for 
50% of the buildings. 
Group and Management 
The pattern of relationships for these two core-consistencies is: 
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• Not significant for the “Group” 
• Reasonably significant between warden instructions/ evacuation 
procedures and designated stair for M1-M6 (R= 0.3 and p<.01) 
 
The focus groups provided some further information about what they considered 
to be reasonably significant for Groups: 
 
• Estimated pressure from group members on those members of the 
group who could not go down the stairs at the same speed to do so 
thereby increasing the risk of falling due to dizziness or fatigue. 
• Pressure on Group members to physically look after those members 
who fell or were unable to negotiate the stairs because of lack of 
fitness or other health condition. 
 
7.3.3 Inter- correlations for core consistency relationships 
 Table 7- 11 shows the following inter core-consistency relationships: 
• “Conditions in stairs” (Management) and “Entered with a friend” – 
M1, M2 and M4 are not significant and are reasonably significant for 
M3, M5 and M6 (R=>0.3 and p<.01). 
• Fatigue and Condition in stairs were only reasonably significant for 
M5 and M6 but in different ways. M5 indicated that as the density 
increased and the descent speed slowed that the level of fatigue 
decreased which agrees with Galea et al (2008). On the other hand M6 
is the opposite. (R>+0.4 for M5 and -0.4 for M6, both being 
reasonably significant, p<.01). 
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• “Designated stair” and “entered with a friend” showed a reasonably 
significant relationship for M3, M5 and M6 showing the level of 
familiarity with evacuation procedures across groups in each building. 
M1, M2 and M4 appear not to have had the same level of familiarity. 
• “STAIR” and “Individual” core consistencies correlated with a high 
level of significance (p<.001) for the estimated distance variable of 
“too many flights” with R>0.4 for M1-M6 with those of pain in the 
lower limbs, breathlessness and fatigue and dizziness and chest 
discomfort for M1-M4 and M1-M3 and M5 respectively. This finding 
also agrees with the outcome of the overall aggregated factor analysis 
described in Table 7-8. 
7.3.4 Further discussion of correlations 
  
 The variables of fatigue and the group of health conditions do appear to 
correlate reasonably well with distance (lower limb pain and breathlessness / 
asthma). When the number of occupant health conditions is combined with their 
BMI classification as indicated in the Factor Analysis there is no resultant 
improvement in the correlation with distance (too many flights) although some 
literature would suggest otherwise (Verghese et al, 2008; and Spearpoint and 
MacLennan, 2012). Shields et al (2009) may present a counter argument where 
evacuees with self-designated functional limitations in the WTC 9/11 incident 
were able to cope reasonably well with the distance. This may have been due to 
the masking effect of density (Galea et al, 2008)193 where the reduction in 
descent speed allowed the evacuees to adopt a more considered stance and even 
                                                 
193 Dwyer and Flynn (2004) report many people resting. Galea et al (2011) and Spearpoint and 
MacLennan (2012) also conclude the same reason. Survival in a real situation may dictate 
“pushing through the pain” but this conclusion is not extensively documented. The PhD study is 
focussed on trial evacuations. 
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rest during merging delays. Even the inclusion of a stair confidence measure in 
the questionnaire for M3 and M4 did not improve the situation.  
 It should also be noted at this stage that the Results have not included the 
two falls in the M2 evacuation. These will be analysed and discussed further in a 
later section as they are considered to be outliers especially when converted into 
a rate of falls per number of flight uses. Also the level of falling risk extrapolated 
by the author from Johnson and Pauls (2011) falls off rapidly for tread sizes of 
250mm +. Tread sizes vary from 245mm in M1 to 300mm in M2 so that any 
record of observed falls is extremely important (MacLennan et al, 2011). The 
further analysis of the falls is important because of highly significant recorded 
relationships between fatigue and balance (p<.001) (Tiedeman et al, 2007 and 
Samy and Hamid, 2010). Fitness also relates to fatigue and strength (Booth et al, 
2002). 
7.4 2008-2010 Case Study Survey Results and Discussion – 
Risk of Falls and Estimated Descent Capability. 
7.4.1 Incorporation of falling risk measures 
 Further to the discussion in Chapter 6 there is a decrease in risk of only 
.012 for treads between 250mm and 300mm wide as compared with 0.14 for 
widths between 195mm and 245mm (Wright and Roys, 2008 and Johnson and 
Pauls, 2011). Further analysis of the above reveals a natural log relationship of y 
(width of tread) =-35.03ln(x) +144.73 and x = level of risk). If a logarithmic 
scale is used on the x axis there is a relatively even distribution of data around 
the linear plot194 (R2 = 0.88 and p<.01 – reasonably significant). 
 The risk of falling for the range of tread widths for M1-M6 is extremely 
low. Roys (2006) and also MacLennan (2011b) showed in separate studies that 
the mean size of the male foot was some 300mm.  Table 7-13 shows that the 
observed foot placement and stance risk is highest for M3 and M6 followed by 
                                                 
194 See Chapter 6 
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M1, M4 and M5. This is not reflected in Table 7-4 from the survey where the 
order is M2, M6, M1, M3, M4 and M5. Roys (2006) and Johnson and Pauls 
(2011) rate tread size as the major determinant of falls. Johnson and Pauls (2011) 
do however mention steepness as a factor. Steepness coupled with distance 
appears to be a factor in the M6 building especially with feedback from the 
associated focus group describing the experience as the “continuous downwards 
spiral”. The width of the stair tread width cannot be ignored in terms of visibility 
for foot placement (Nagata, 2006). Table 7- 9 shows that distance correlates 
mainly with fatigue for buildings M1 to M4. 
 
Shoe size M1 M2 M3 M4 M5 M6 
Min 250 251 243 260 245 235 
Max 328 352 319 352 330 335 
Mean 289 294 281 289 290 280 
Table 7-13: Shoe sizes for Buildings M1-M6 
 
 
Figure 7-9: The M2 Stair – “White Out” 
 
 There is, however, a dichotomy in the pattern of the results for the 
grouping of narrow treads, steep stairs and distance for M2 compared with the 
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others as shown in Table 7-4 as the M2 stair has the most acceptable 
characteristics for steepness and treads width in terms of Figure 7-6 and Table 7-
13. The M2 stair is “illegible” in terms of the definition of each step (see Figure 
7-9) and overall contrast which may have been estimated by the occupants as 
being a hazard for foot placement. Distance is the one factor that has a significant 
relationship to fatigue for M1-M6 (p<.01 – reasonably significant) () and this 
agrees with the grouping in the overall factor analysis in Table 7- 8. Galea et al 
(2008) clearly illustrates that density can mask fatigue as illustrated in the results 
for M5.  
 The falls occurred in M2 and M6. The narrow treads of M6 were 
mentioned as a problem by the focus groups. The one factor in common is the 
lack of contrast and poor step definition. The triggers for the falls are multi-
facetted (Lord et al, 2006) and yet the common factors are distance and fatigue 
(Ayis, 2007) which can result in a person not being able to recover from a 
misstep as easily as others. When fatigue is coupled with other functional 
limitations, the risk of an incident which could lead to a fall may increase (Jia 
and Lubetkin, 2005; Horak, 2006; Helbostad et al, 2010; He and Baker, 2004 and 
Spearpoint and MacLennan, 2012).  
 There are two outcomes associated with falls which can range from high 
consequence (fatality or disabling injury) and low probability to low 
consequence and higher probability (misstep). The likelihood of recovering from 
a misstep is directly related to fatigue which can also be related to descent speed. 
The focus group studies in Chapter 6 established a benchmark speed for “free 
descent” for younger individuals who are reasonably fit195 which can be 
compared with the descent speeds for members of the two focus groups who 
were not fit and had a number of functional limitations. Triangulation between 
the lower benchmark descent speeds and the actual descent speeds observed in 
                                                 
195 Assessed using IPAQ in Chapter 6  
 420
M1-M6 for individuals with similar intrinsic characteristics are also used to 
establish falling risk based on focus group comments196.   
7.4.2 Ironing out the Complexity of Estimated Capability 
 (Regression  Analysis) 
 The aim of the PhD Study is: 
“To study the performance of mature age office workers in descending multiple flights of 
stairs in high rise office building trial evacuations in the context of extrinsic and 
intrinsic factors”. 
 
 The relationship of distance and fatigue can be generalised across M1-M6 
but the association between age and obesity/ fitness cannot. There is a reasonably 
significant relationship for the aggregated data as shown in Table 7-14 which 
corresponds with larger population studies (Wang and Beydoun, 2007). Three 
factors have therefore been assembled from the 2008-2010 Case Study data 
based on factor analysis (Child, 2006), descriptive statistical analysis using 
pattern matching (Hak and Dul, 2009) and correlation tests being: 
 
• Stair comfort or descent hazard representing the grouping of variables shown 
in Table 7-6 and Table 7-8. The factor analysis is used to reduce the factors 
into a single all-encompassing variable or factor (Child, 2006)  
• BMI as representing fitness and associated functional limitations such as 
balance. Functional limitations were also reduced into a single factor by the 
factor analysis and represent limitations associated directly with BMI (Booth 
et al. 2002) 
• Mets where the non IPAQ measure is a combination of health conditions 
and BMI and for M5 and M6 is a validated measure of physical activity 
(Sjostrom et al, 2005) and would also represent the number of health 
                                                 
196 Fuller Figure and Mature Age Focus Groups commented that the fear of falling increased with 
the descent speed of the group increasing above a level with which the individual concerned was 
comfortable. 
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conditions. Mets also matches with fatigue from the literature (Al-
Abdulwahab, 1999).  
Estimated descent capability is therefore the dependent variable and the 
independent variables the above three factors. Bivariate regression analysis is 
used because of the mix of data types (Blaikie, 2005). The results are presented 
in the next two subsections. 
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Variable† Building  N                                                                                                                                 R Significance Comments 
Stair comfort M1 104 0.15 .005 Rather a weak measure but still significant 
Mets(BMI/Health) M1  .194 .063 No real significance for M1 
BMI M1  .174 .095 No real significance for M1 
Stair comfort M2 142 <1 NS The stair environment still triggered two falls. – See aggregated analysis M1-M4 
Mets(BMI/Health) M2  <.05 NS Nor real significance 
BMI M2  <.05 NS No real significance 
Stair comfort M3 82 <.05 NS No real significance even with narrow treads 
Mets M3  0.174 .001 Rather a weak measure but still significant 
BMI M3  <.05 NS Nor real significance even with narrow treads 
Stair comfort M4 99 .212 .05 Rather a weak relationship but still significant 
Mets M4  .113 NS As per M3 
BMI M4  .170 NS As per M3 
Stair comfort* M1-M4 326 0.59 .001 Stronger relationship when aggregated 
Mets M1-M4  0.4 .05 Weaker than BMI because health conditions NS 
BMI** M1-M4  0.56 .001  
Stair comfort* M5 62 .29 .02 Reasonable relationship with METS taken into account 
Mets (IPAQ) M5  .39 .013 IPAQ measure relates significantly with estimated traversal distance 
BMI M5  0.284 .03 Confirms METS (IPAQ) 
Stair comfort M6 170 .221 .006 This building triggered fall due to fear of falling 
Mets (IPAQ)*** M6  .177 .03 IPAQ measure still relates but less significantly than M5 
BMI M6  .117 NS No significant relationship 
Stair comfort* M5-M6 232 .285 .000 Reasonable relationship with METS taken into account 
Stair difficulty (overall check) M5-M6  .285 .05 This building triggered fall due to fear of falling 
Mets (IPAQ)*** M5-M6         0.35 .05 Both M5 and M6 show relationship 
BMI** M5-M6  .145 .03 Overall confirms METS (IPAQ) 
* Stair Comfort as a variable coincides with the principal component Factor Analyses of both perceptual and measured data dealing with descent risk – those measures such 
as narrow treads, number of turns and pitch grouped with impact variables such as dizziness and fatigue. 
**BMI showed greatest significance above 35. Mets was a computed variable comprising a mix of BMI and No. of health conditions (Booth et al, 2002) 
***Mets(IPAQ) is the measure based directly on the Short form IPAQ developed by Sjostrom et al (2005) 
† These are interacting variables along the spine of the Ishikawa Chart Model where stair comfort represents a grouping of the stair after-effect variables (Dizziness, 
fatigue, sore knees, breathlessness etc. and the impact of the stairs that affect descent confidence  
Table 7-14: Table of Single “R” regression results with associated levels of significance  
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Table 7-15: Data table for estimated descent capability 
Figure 7-10}: Estimated population descent capability  
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7.4.3 Estimated Descent Capability M1-M4 
 Interpreting the results of the bivariate regression analysis from Table 7-
14 for buildings M1-M4 where the dependent variable is descent capability: 
 
Stair comfort shows a significant but weak relationship to individual 
performance for Buildings M1 and M4 so that it cannot be generalised and yet 
when the sample more closely resembles the general population (aggregated 
data, N=326) the relationship is highly significant (p<.001) with R=0.59. 
 
Mets (BMI/Health) shows a significant relationship for M3 (p<.001) with a 
weak R=.174. This variable cannot be generalised across M1-M4 as there is no 
pattern. This improves slightly when the data is aggregated as above (N=326) 
with R=0.4 and moderately significant (p<.05).  
 
Body mass index which is not such a good predictor as waist circumference (see 
BMI Benchmark Focus Group results in Chapter 6) is not significant for any of 
the buildings M1-M4 and yet when the data is aggregated to more closely 
resemble the characteristics of the general population it is highly significant at 
p<.001 and R=0.56 
7.4.4 Estimated Descent Capability M5-M6 
 
Stair comfort is moderately significant for Buildings M5 (p<.05) and M6 (p<.01) 
and therefore could be generalised. This is hardly advisable with single R values 
of 0.29 and 0.22 for M5 and M6 respectively. When the data is aggregated and 
more closely resembles a general population profile the relationship is slightly 
stronger and is reasonably significant (p<.01) and R= .285 (N=232). 
 
Validated Mets (IPAQ) is moderately significant for M5 (R=0.39 and p<.05) and 
for M6 (R=0.18 and p<.05) and therefore could be generalised. This is hardly 
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advisable with the extremely low R values. When the data is aggregated and 
more closely resembles a general population profile the relationship is slightly 
stronger (in terms of the R value of 0.35 with the level of significance remaining 
the same (p<.05). 
 
Body mass index is moderately significant for M5 (R= 0.29 and p<.05) and is 
not significant for M6. It cannot therefore be generalised. When the data is 
aggregated and more closely resembles the general population profile a weak and 
moderately significant relationship is established (R=0.145 and p<.05). 
 
There is sufficient support for a restatement of the descent capability measure 
which takes the risk of falling into account as a generalisation across M1-M6 as y 
(accumulated percentage population) = -0.017x2+2.7449x – 3.7391 (where x is 
the number of storeys the individual can cope with) (see Table 7-15 and Figure 7-
10). Therefore: 
≤ 50% population estimate that they can descend a maximum of 20 storeys 
without a rest.  
 
7.5 Comparison with Output from Studies in Chapters 5 and 
6. 
 There are two distinct themes in this Section. The first is the longitudinal 
comparison (1980 through 2010). The second theme is the filtering process. Both 
themes are shown in Figure 7-11 below 
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Figure 7-11: Longitudinal and Filtering Analysis Process for Section 7.5 
 The process step in Box 1 was completed in Chapter 5. Box 2 was 
completed in Sections 7.2 – 7.4 but the outcome has only been partly filtered by 
the outcomes from the Content Analysis and Focus Group Studies. The 
longitudinal comparison (1980 through 2010) is recorded in Table 7-16 to Table 
7-19 and comprises the process step described in Box 4. The output from these 
tables and the associated discussion is then rationalised as represented in Box 3 
and summarised in Ishikawa Chart (Box 5) ready for triangulation with the 
observed and recorded data in Section 7.6. 
7.5.1 Longitudinal Comparison (Chapter 5) 
 The comparison has been limited to those critical contextual factors that 
are in common with the Exploratory case study in Chapter 5 so that there can be 
matching between the two data sets. The concerns of Pauls, Fruin and Zupan, 
2007) can still be addressed. There is still a need to complete the longitudinal 
study for the context. 
The STAIRS 
 The results are presented in Figure 7-8 where the factors are reduced to 
the variable of descent risk/ hazard/ comfort. Narrow treads, slope and estimated 
distance are the main components. Uniformity and step definition is also 
included. The construct reliability is assured given: 
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• 83.9 % of the variance is explained by two principal components. 
• The eigenvalue for principal component one is 7.8 and 4.0 for the 
second. 
• The cut off values used for the selection of the factors in each 
component is >0.7. 
The above components are therefore for pattern matching between the two 
data sets where Table 7-16 indicates: 
√ Steepness – The slope of a stair combined with distance to be 
traversed impacts on the user (see later comments from focus groups). 
There is no consistent pattern between Buildings 3 and 7 and M1-M6. 
The former exceed 20 storeys in height so as shown in Figure 7-10 
about 50% of the population estimate that they do not have the ability 
to cope with more than 20 storeys without running some kind of risk 
of falling. Building 3 is 34 storeys in height and Building 7 is 20 
storeys in height. Estimated ability has decreased to a limited extent 
over the last 30 years197.  
√ Narrow treads: There is a distinct pattern over the last thirty years 
with foot placement. Based on the work of MacLennan (2011) the 
mean size of a UK male shoe in the 1980’s would have been 300mm. 
Distance would most likely have an impact here and a lack of step 
definition could cause people to estimate the treads as being narrow. 
Buildings 3 and 7 are consistent with M1 and M3-M6 in terms of the 
pattern. M2 is some 36 storeys so that the distance increases but there 
are also problems with step definition so that the increase to 45.5% can 
                                                 
197 Supports Pauls Fruin and Zupan (2007) 
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be explained. Seeing M6 is some 34 storeys and 31% are concerned 
the pattern could be said to be consistent across the 30 years. There has 
been a slight decrease in estimated descent capability as stated in the 
previous section.     
√ Handrail easy to locate and use: The predominant pattern over the 
thirty years is that any profile appears to have been acceptable. This 
result can be generalised across all the buildings. It is interesting to 
note that there is a small constant increase for the buildings of some 
7% where circular handrails are used (M2-M6).   
  
√ Visibility was inadequate (includes level of illumination): Visibility 
was generally adequate for all buildings except for M1 where the 
amount of reflectivity off the walls and ceiling were minimal. The 
level of illumination was inadequate for 15.9% of the population some 
10.6% more than the other buildings. When buildings 3 and 7 were 
visited again in 2011 the level of illumination was well in excess of 
100lux. This response agrees with responses concerning step 
definition. The situation has not changed over the 30 years in terms of 
occupant acceptance of the visibility provided. The requirement is 
therefore still a significant factor as indicated in the Canadian Study 
(Beck, 1977) and also by the Focus Groups. 
√ The change over the last 30 years for the STAIRS is that now people 
are more conscious of the steepness of the stairs associated with 
fatigue and the fear of falling/ stability. Occupant awareness of 
handrails and their use is at the same level. Occupant concern about 
foot placement on narrow treads has more or less remained at the same 
level over the 30 years with a consistent pattern across all the 
buildings. 
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 In summary the estimated descent capability for ≤ 50% of the 
population from the Exploratory Case Study dataset which was assembled in 
the 1980’s was 25 storeys. The same measure in the 2008-2010 Case Study is 
20 storeys. This shows a small decrease in stair descent capability. The reason 
is most likely fitness but could also include other extrinsic contextual factors. 
At face value it appears that Pauls, Fruin and Zupan (2007) could make a 
point. 
Variable 
STAIR  
Building ID 
3 
Stair 
pitch 
370 
33 
floor 
7 
Stair 
pitch 
370 
20 
floor 
M1 
Stair 
pitch 
34.50 
10 
floor 
M2 
Stair 
pitch 
300 
36 
floor 
M3 
Stair 
pitch 
37.50 
19 
floor 
M4 
Stair 
pitch 
300 
27 
floor 
M5 
Stair 
pitch 
330 
18 
floor 
M6 
Stair 
pitch 
370 
32 
floor 
Too steep 7.4 5.3 20.8 48.5 23.1 9.3 10.3 28.0 
Small treads 32.2 28.1 27.7 45.5 26.1 20.6 18.9 31.0 
Handrail 
easy 
66.0 71.2 88.1 95.3 92.4 96.9 98.4 93.0 
Visibility 
inadequate 
2.0 5.3 15.9 4.0 1.9 0.0 2.3 3.8 
Table 7-16: Longitudinal Comparison: Critical “Stair” factors from survey 
Variable 
GROUP 
Building ID 
3 
Stair 
pitch 
370 
33 
floor 
7 
Stair 
pitch 
370 
20 
floor 
M1 
Stair 
pitch 
34.50 
10 
floor 
M2 
Stair 
pitch 
300 
36 
floor 
M3 
Stair 
pitch 
37.50 
19 
floor 
M4 
Stair 
pitch 
300 
27 
floor 
M5 
Stair 
pitch 
330 
18 
floor 
M6 
Stair 
pitch 
370 
32 
floor 
Enter with 
friend 
89.1 82.1 31.4 79.5 48.1 54.7 76.7 67.3 
Work 
location 
73.5 53.7 63.6 71.3 74.5 100.0 46.2 75.9 
Table 7-17: Longitudinal Comparison: “Group” formation from survey
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Variable 
INDIVIDUAL 
Building ID 
3 
Stair 
pitch 
370 
33 
floor 
7 
Stair 
pitch 
370 
20 
floor 
M1 
Stair 
pitch 
34.50 
10 
floor 
M2 
Stair 
pitch 
300 
36 
floor 
M3 
Stair 
pitch 
37.50 
19 
floor 
M4 
Stair 
pitch 
300 
27 
floor 
M5 
Stair 
pitch 
330 
18 
floor 
M6 
Stair 
pitch 
370 
32 
floor 
Sore knees / 
lower leg 
34.0 13.5 9.7 42.4 12.5 9.3 7.9 21.0 
Dizzy 16.2 6.2 3.9 39.4 9.6 3.1 6.8 26.0 
Dyspnoea NA NA 2.9 38.3 9.7 1.0 3.4 11.0 
Chest 6.8 2.1 1.9 30.7 3.9 0.0 1.7 4.5 
Fatigue 16.2 6.2 5.9 48.1 8.7 8.3 4.8 14.5 
Table 7-18: Longitudinal Comparison: “Individual” – impact of stair descent from survey)  
Red edging to” fatigue” for M5 low response because of masking effect of density. See also Table 
7-19 below confirming increase in density. Triangulates as well in Section 7.6  
 
 
Variable 
CONDITION 
ON STAIRS 
Building ID 
3 
Stair 
pitch 
370 
33 
floor 
7 
Stair 
pitch 
370 
20 
floor 
M1 
Stair 
pitch 
34.50 
10 
floor 
M2 
Stair 
pitch 
300 
36 
floor 
M3 
Stair 
pitch 
37.50 
19 
floor 
M4 
Stair 
pitch 
300 
27 
floor 
M5 
Stair 
pitch 
330 
18 
floor 
M6 
Stair 
pitch 
370 
32 
floor 
Alone 14.0 11.6 26.9 6.5 10.5 30.2 0 2.0 
Few others 
around 
48.0 51.6 69.2 50.0 71.4 67.7 5.0 15.0 
Crowded but 
moving 
22.7 20.0 2.9 39.8 15.2 2.1 21.0 76.0 
Very crowded 
and slow 
15.3 16.9 1.0 3.7 2.9 0 74.0 7.0 
Table 7-19: Longitudinal Comparison: “Group” and “Management” impact of density
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The Group (You and Others) 
 The results are presented in Table 7-17 to Table 7-19 above. Group 
formation appears to follow a loose pattern internationally and over the last 30 
years a generalised finding (Yin 2009) can be made from the range of 
percentages in Table 7-18 that more than 30% of occupants will form groups in 
trial evacuations. The rate of formation can also be affected by the action of 
wardens (Management) as shown in Table 7-14 (r>0.3 and p<.01) for M3 and 
M5-M6. An indication of internal cohesion over the 30 years shows up in the 
responses as to where the groups were formed. The responses range from 46% to 
100.0% so that a generalisation can be made that more than 40% of the groups 
will have been formed at the work station location on the floor. Seeing altruistic 
behaviour198 would be expected as explained in the Content Analysis studies in 
Chapter 6 the risk associated with helping others who may have fallen or where 
members who have to increase their pace to keep up would not have changed. 
Also refer to the Fuller Figure and Mature Office Worker Focus Group studies in 
Chapter 6. 
  
Density, Delays and Merging 
 The results are presented in Table 7-17 to Table 7-19199. Spearpoint and 
MacLennan (2012) make the point of the impact of fatigue in stair descent which 
is further borne out by Peacock et al (2009) who show a reasonably significant 
(p<.01) relationship between distance traversed and the slowing of descent speed. 
This is not the finding of Galea et al (2008) from their findings on the WTC 9/11 
incident where they conclude that density may mask this issue. Delays can also 
                                                 
198 Also as described in Canter et al, Human Behaviour in Fires, Edition 2. 
199 Table 7-18 is included because of the discussion of the masking effect of density on fatigue in 
M5. 
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be caused by various merging patterns (Boyce et al, 2011). The pattern of 
“crowdedness” in all the buildings over the 30 years indicate that no more than 
20% of the occupants see themselves as being held up due to others in the stair. 
This is yet to be triangulated with the measured density and descent velocity in 
the stairs in Section 7.6. The only building where density had an impact was in 
Building M5 where 74% of the respondents stated that the stairs were “very 
crowded and moving slowly”. This is readily evident from the M5 stairs descent 
chart (Appendix A7.6). Table 7-18 shows the lowest response for the number of 
occupants suffering from fatigue as being M5. This is considered to be the 
impact of density. Management can therefore impact on descent simply by the 
evacuation strategy and sequence they adopt. 
The Individual – impact of descent and the Group. 
 The results are summarised in Table 7-18 as: 
 
? Lower limb pain: The pattern shows up readily over the 30 years 
where an increase in distance or storey height is linked directly with 
increased lower limb pain (Building 3 is > 30 storeys as is M2 and 
M6). Buildings 7, M3, and M4 averaged 20 storeys and had similar 
response rates. M5 did not match the pattern because of masking by 
density and delays. The response rate for M2 was noticeably higher 
(42.4%). The building is some 36 storeys high and the internal 
temperature within the stairs exceeded 400C. The mean response rates 
were similar over the 30 years so that as a functional limitation its 
level did not really change. 
? Dizziness/ Vertigo: This shows a similar pattern as before with a 
visible influence of height and distance which bears out the findings of 
Templer (1992) and Archea et al (1979) and the nature of these 
conditions linked with health science (Bredenkamp, 2009; Samy and 
Hamid, 2010; and Yardley, 1994). Agoraphobia (NCBI, 2012) which 
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is a fear of heights associated with being locked in a space is also 
linked with vertigo/ dizziness. The pattern is therefore consistent 
across the 30 years as per the previous bullet point. 
? Chest discomfort and breathlessness: The pattern is consistent as 
before except for M2 (30.7%) where the temperature was excessive 
and there was no ventilation.   
 These conditions were all grouped together in the factor analysis with a 
cut off value >0.7. Other results still include the impact of reduced vision and 
impaired hearing on orientation so that these should still be included amongst the 
most important functional limitations. These results will now be filtered by the 
outcomes of the focus group and content analysis studies in the next section. 
7.5.2 Further analysis of core consistencies or classifications using 
results from Chapter 6 
 Comparative tables are used to analyse each of the core consistencies 
outcomes from Chapter 6 with that of the previous section. Once each core 
consistency has been filtered establishing the context of occupant descent 
performance then the latter will be analysed (regressions and efficacy of 
reporting instruments) and discussed prior to triangulation in Section 7.6. Each 
of the core consistencies comprising the Context are compared in Table 7-20 
to Table 7-23 and the conclusion is listed in the Column labelled “Filtered 
Outcome”:
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Category or Factor Focus Group/ Content Analysis Study Comments from 7.5.2 Filtered outcome 
Age Age does have an impact on fitness. Mature 
age – increase in functional limitations. 
Descent speed measurements confirm this – 
Table 6-23 and 6-30. 
Not shown to be significant Retain as evidence comes from general 
population studies as demonstrated in 
Chapter 2 and focus group outcomes 
BMI/Waist 
Circumference 
The measured descent speeds (0.33-
0.36m/sec) matched those of other studies. 
Some comments related to balance. 
Correlation does not really show significant 
results between obesity, estimated distance 
and balance on building by building basis. 
When linked with health conditions this 
improves and also when M1-M4 and M5-M6 
are aggregated. 
Balance and relationship to fitness should be 
maintained (Booth, 2002). 
Functional Limitations     
Generally Important functional limitations cited were 
reduced vision (depth perception), arthritis, 
asthma (see also BMI Benchmark Group, 
weak ankles, reduced strength, poor 
orientation ability, disturbed gait, vertigo and 
dizziness, fear of falling. Also important was 
fear of others falling and masking the 
definition of the steps.  
Correlations and factor analysis confirm 
arthritis and lower limb pain, fatigue with 
distance, number of health conditions 
impacting upon fear of falling (100% 
correlation at p<.01 across M1-M6, balance, 
chest discomfort and breathlessness. 
Combine focus group and survey results 
especially with confirmation of impact of 
functional limitations by descent speed. 
Concern about personal safety was still 
significant for Buildings 3 and 7 and this is 
confirmed in the continued safety concerns 
with small treads and steep stairs. 
Fatigue Content Analysis comments such as 102.24 
and 102.65 show impact of fatigue. Focus 
groups mentioned fatigue as being 
exacerbated with the “downward spiral” 
effect. 
Fatigue was not tested directly via regression 
but it did correlate highly with distance (too 
many flights) and the number of health 
conditions. This was confirmed by the 
grouping of the impact of descent together 
with descent risk showing that the associated 
data could be reduced into those variables. 
Fatigue was allowed for in the measures of 
fitness that were used for M1-M4 and then 
the IPAQ measure for M5-M6.  
The impact of the downward spiral was also 
observed on the stairs with 4 turns per storey 
in M6 where the number of people within a 
group increased from 3 out of 10 to all ten. 
The findings therefore will be combined. 
High regression returns for the Exploratory 
case Study were not confirmed by the 2008-
2010 Case Study  
Fitness Mentioned as being related to obesity and 
slow movers. Not really mentioned so the 
measure was recoded. Focus groups 
recognised the importance and related it 
being embarrassed in group situations when 
they had to travel at a faster speed making 
the individual feel uneasy. 
Regression measures did not confirm the 
finding of fatigue related measures derived 
from the exploratory and focus group studies.  
Focus Groups did not really contribute any 
additional factors but triangulation will 
confirm the impact of increased speed on the 
risk of falling. 
                                   TRIANGULATE WITH OBSERVED AND MEASURED DATA  
Table 7-20: Individual Core Consistency Filtering Schedule 
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Category or 
Factor –
(GROUP) 
Focus Group/ 
Content Analysis 
Study 
Comments from 
7.5.2 
Filtered outcome 
Group formation Not addressed by Focus 
Groups. Content Analysis 
Studies confirmed groups 
were formed on the floor, 
for a purpose to assist and 
linked to management 
procedures. 
Confirmed longitudinally 
that >30% of population 
formed groups before 
entering the stairs 
(generalised) and that the 
majority were formed on the 
floors.  
Groups were formed by 
Management and 
voluntarily. Could be 
altered on the stairs in 
minor instances where 
someone needed special 
assistance and other 
members of the group 
were unable to help. 
Group dynamics The impact of the slow 
mover was mentioned by 
the Focus Groups and also 
obstructing other’s view of 
the steps. Also mentioned 
fear of others falling. 
Extensive criticism of the 
slow mover in Content 
Analysis (NY Times Blog)  
Impact of the slow mover 
was highlighted in part and 
is also shown on the stair 
descent charts. 
Retain findings from 
Focus Groups and 
Content Analysis Column. 
Group behaviour Group delays occurred 
mainly because of merging. 
Altruistic behaviour 
confirmed from 102 
Minutes Content Analysis 
independent of where the 
group was formed. Focus 
Groups did indicated 
annoyance at amount of 
group “noise” and also 
unfocussed behaviour. 
Focus Groups also 
mentioned the problem of 
moving at an 
uncomfortable speed 
because they were too 
embarrassed to ask the 
other members to slow 
down. They mention the 
increased risk of falling 
2008-2010 Case Study did 
indicate indirectly the 
impact of delays but 
occupants were generally 
unconcerned as compared 
with Content Analysis 
findings. 
Altruistic behaviour will 
be emphasised especially 
in terms of cohesion (see 
stair descent chart path 
traces for low amount of 
overtaking). The risk of 
falling should be retained 
where connected with 
group descent speed. 
Enhanced by focus group 
descent speed analysis and 
comparison between the 
functional limitation 
Focus Groups with the 
BMI Benchmark Focus 
Group. This finding will 
also be used in the 
Triangulation Process. 
Group 
Knowledge 
Main feature of 102 
Minutes Content Analysis 
Study and special Focus 
Groups where groups knew 
exactly what to do. 
Mentioned in 2008-2010 
study via amount of prior 
evacuation experience using 
the designated stair and 
forms a set pattern across 
M1-M6. 
M2 is lowest as UAE 
requirement is not clearly 
law Generally >33.3% 
(generalised). Focus group 
comments should be 
added. 
Table 7-21 : Filtering Schedule for the Group Core Consistency. 
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Category or 
Factor 
(STAIR) 
Focus Group/ 
Content Analysis 
Study 
Comments from 
7.5.2 
Filtered outcome 
Narrow treads  Not mentioned in Content 
Analysis but extensively 
referred to in Focus Group 
especially in relation to size 
of feet and maintaining a 
front on stance.  
There is a significant 
percentage of the population 
over the 30 years (>18%) 
across all buildings and 
>25% where treads were 
less than 260mm.  
The outcomes 
complement one another 
and increase with 
distance.  
Steepness Comfortable pitch 
considered as 370 but 
outcomes were modified in 
relation to increased 
distance and number of 
turns – “downwards 
spiral”. 
Extremely high correlation 
with fatigue for all M1-M6 
and estimated distance.  
Survey results given more 
credence because of 
pattern of correlation 
across all buildings and 
also maintenance of 
similar pattern in the 
Exploratory Case Study. 
Handrail access Focus group confirmed 
findings of Reeves et al 
(2008a) about increase in 
confidence with easily 
accessible handrails. They 
need to be conspicuous and 
reachable. Should have one 
on each side of the flight. 
2008 – 2010 Case study 
show general pattern of 
satisfaction. Triangulation 
will show that rate of 
handrail use increases with 
the distance descended.  
Importance of handrails 
confirmed by focus group 
in terms of having 
additional one available. 
This applies especially 
where stairs need to wider 
for resting as pointed out 
by Focus Groups. See 
Author Case Study in 
Appendix A7 where even 
with 1200mm clear width 
some morbidly obese 
individuals will lower limb 
pain will need two 
handrails to prevent them 
from falling and negate 
the benefit of increased 
stair width. 
Visibility Focus Group mentioned 
the problem of lack of 
contrast between surfaces 
and step definition. See 
Management re 
illumination 
Generally respondents were 
satisfied with visibility 
mainly due to adequacy of 
the illumination. M8 focus 
group raised issue of lack of 
contrast and lack of contrast 
was one of reasons for fall in 
M2. 
Contrast retained as a 
critical factor even taking 
2008-2010 results into 
account. See also Alderson 
(2010). Concern also 
raised in the Exploratory 
Case Study (Beck 1977). 
Spatial Content Analysis Studies 
both highlighted the need 
for wider stairs confirming 
Peacock et al (2009) to 
allow for non invasive 
overtaking. Also made 
point that this would 
provide space for resting.  
Not shown directly in 2008-
2010 Case Study but 
implied. 
Retain Focus Group and 
Content Analysis findings 
– also supported by 
observations in M6 
evacuation where 
individuals did rest. 
Density was low here so 
that resting was possible 
due to altruistic behaviour 
and that is permitted in 
practice. 
Uniformity Not mentioned Not mentioned Retained as critical due to 
observations. 
Others   See Management  
Table 7-22: Filtering Schedule for STAIRS. 
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Category or 
Factor  
Management 
& 
Maintenance 
Focus Group/ 
Content Analysis 
Study 
Comments from 
7.5.2 
Filtered outcome 
Warden 
communication 
and direction  
Finding in Table 6.39 was 
that this issue should be 
localised and simple to 
avoid confusion and that it 
should be practised. 
Management should be 
committed to it and 
occupants encouraged to 
participate. Focus Groups 
were annoyed by group 
members who did not take 
trial evacuations seriously 
and also did not know 
what to do. 102 Minutes 
Study showed the value of 
the above.  
2008-2010 Study showed 
frequency of practice being 
> 33.33% and in most 
situations being more 
successful. Descriptive 
statistics analysis shows 
longitudinal benefit in 
Building 3, M3, M4, M1 and 
M5.  
Focus Group comments 
are crucial and this is 
further exemplified in the 
report on the evacuation 
of the Cook County Office 
Building by Proulx and 
Reid (2006). Comments 
were used to enhance 
descriptive statistics 
results for M1-M6. 
Evacuation 
Strategy 
Mention of responding 
when the floor is ready as 
per Building 3, M1, M3, 
M4, and M5 which is 
connected with an 
uncontrolled evacuation 
strategy (Pauls, 1977). 102 
Minutes shows success of 
this localised approach for 
some major tenants. This is 
what they practised. 
Mention of responding 
when the floor is ready as 
per Building 3, M1, M3, M4, 
and M5. Strategy not really 
discussed by Focus Groups, 
Practise was mentioned, 
however, 
Filtered as having a 
simple strategy and 
practising it. 
Group formation Groups were already 
known in the 102 Minutes 
Study for larger tenants. 
This included the buddy 
technique and the training 
of group members to assist 
those who required it as 
per the evacuation chair 
example. 
Group formation is 
generally high across M1-
M6 and influence of 
management varied. 
Focus Group outcomes 
should be coupled with 
evacuation strategy being 
simple and 
understandable. Focus 
Groups were intolerant of 
actions of those occupants 
who did not know what 
they had to do. 
Maintenance Mentioned by Focus 
Groups in relation to 
adequacy of illumination, 
ventilation and cleanliness. 
Significant relationships 
were found in the 
Exploratory Case Study 
especially the Canadian 
Study (Beck 1977). Not 
really highlighted in the 
2008-2010 Study. 
Finding as Management 
critical factor to link 
Exploratory Case Study 
outcomes with current 
opinion from Focus 
Groups. 
Table 7-23: Filtering Schedule for Management Core Consistency. 
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Conclusion 
 The conclusion that can be drawn from the comparison between the 
Exploratory and 2008-2010 Case Studies for each of the contextual core 
consistencies is shown in the yellow highlighted column in Table 7-21 to Table 
7-23. These findings are to be triangulated with the measured and observed data 
in Section 7.6. 
7.5.3 Author based Case Studies 
  
 The two studies are described in detail in Appendix A7.4 with the results. 
The studies comprise: 
 
(a) An assisted evacuation study of stair descent device similar to that tested 
 by Adams and Galea (2011) and Zmud (2007) as the original devices had 
 only catered for persons who were not morbidly obese. 
(b) Individual descending stairs without assistance for six levels during the 
 Christchurch Earthquake where no provision had been made in the 
 evacuation procedures. 
 
These two case studies supplement the PDSA Cycle 3 process to provide 
additional clarification for the problem of simplified assisted evacuation methods 
for heavy mobility impaired persons and removing the risk to the group for the 
case study in (a) and addressing the dichotomy of wider stairs and the problem of 
reaching both handrails for the case study in (b).  
 
Assisted Evacuation Case Study Results 
 
Adams and Galea (2010) utilised a 75kg subject for the Evac-chair test. The 
likely BMI would have been 22. The author being the person immersed in the 
PhD case study (Yin 2009) is still classified as Class III obese having a BMI of 
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33. During the 1980’s he had a BMI of 56. In order to view the descent speed 
results from the Adams and Galea (2010) study in context and in relation to the 
WTC9/11 Content Analysis of Dwyer and Flynn in Chapter 6 the author 
conducted a test with the permission of the suppliers of Evac-chair using the 
model 1-440 as the descent vehicle. This model is designed to carry people with 
a mass limit of 200Kg or 440 lbs.  
A total of six test runs were conducted for the reason of internal validity so 
that the comparison with the Adams and Galea (2010) study could be placed in 
context. The procedure and results are discussed in Table 7-24 below. 
 
Characteristics of 
Respondent 
 Time and 
Speed(Comparison with    
Adams and Galea, 2011) 
Run No. Mass BMI Walking Evac+Chair® Time Speed A/G 
Adjusted 
speed 
1 75 22   4.96 0.83 NA 
2 130 33   10.22 0.41 NA 
3 75 22   8.5 0.49 0.78 
4 130 33   11.9 0.35 0.56 
5 130 33   12.5 0.33 0.53 
6 130 33   12.9 0.32 0.51 
Table 7-24: Test Results and Comparisons 
 
The highlighted column shows the measured speeds adjusted to match 
Adams and Galea (2010) taking into account speed gained by multiple descents 
which is similar to speeding up of descent recorded by Peacock et al (2009) for 
most likely the same factor. 
Table 7-24 shows the respondent characteristics and test type together with 
the resultant descent time for the flight together with the mean descent speed. 
The measurement commenced at ‘toe-off’ the first riser for walking and 
commencement of movement of the Evac+chair® with the key point being the 
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leading knee of the respondent to ‘heel-down’ on the next lower landing. The 
travel distance was calculated at 4.122m.  
Device Average travel Time 
(seconds) 
Number of Handlers in 
Emergency 
Average Speed in 
metres/ second. 
1. Evac+ Chair (75kg) 209 1  0.81 
2. Carry chair (75kg) 297 3 male or 4 female 0.57 
3. Stretcher (75kg) 305 4 0.55 
4. Drag mattress (75kg) 272 2 0.62 
Drag mattress (180kg) 210 5 0.13 
 
Table 7-25: Adams and Galea Study (2010) 
 The travel speeds from the spot test were then adjusted by the ratio of the 
travel speeds recorded in the study (Adams and Galea, 2010) to that recorded in 
the test. The ratio was 1.61. This was repeated for tests 4-6 so that the speeds 
could be compared with the other handling methods in Table 7-25. It is 
interesting to note that the 1-440 chair matches that of the stretcher. The 
highlighted row in Table 7-25 which represents a mattress drag conducted with 
the author as a respondent in a New Zealand test evacuation of a large hospital 
through 4 storeys only resulted in descent speed of 0.13m/sec which is well 
below the speeds actually measured in the Author’s comparative test. A model 1-
440 chair would still be within the range of descent speeds recorded in many trial 
evacuation studies for ordinary stair walking (Fahy and Proulx, 2001). 
 The test stair had a slope of some 380 and the individual had a BMI of 36 
with a mass of 130Kg.  380 is considered as a steep stair when compared with 
Table D2-13 of the Building Code of Australia (1996-2011). This pitch was to 
act as a worse scenario for the transport of the morbidly obese individual down a 
flight comprising some 13 risers with the test being completed a number of times 
to simulate multiple flights of stairs. The evacuation device is known as the 
Evac-chair Model 1-440 designed to cater for a 200Kg maximum load.  
 441
 The results were “adjusted” as shown in Appendix A7-4. A speed of 
0.8m/sec was achieved but decreased to 0.5m/sec over further trials. The latter is 
still nearly comparable with the slowest descent speed, for the BMI Benchmark  
Focus Group, of 0.6m/sec. The mean speed over all the tests did not correspond 
to that for the 75Kg chair in Adams and Galea Study of 0.81m/s but the results 
from the first run did. This means that 0.8m/sec is achievable. 
 The net impact of this example of group assistance using trained 
members further confirms the findings from the 102 Minutes Case Study and the 
description by Zmud (2007) and confirms a way forward for evacuation planning 
without having to resort to evacuation lifts. 
Christchurch Earthquake Evacuation Case Study  
  
 The actual event is described in Chapter 4 and the Appendix A4. The 
author took some 80 seconds to exit the building with a descent speed of 
0.6m/sec which is the same as the slowest descent speed of the BMI Benchmark 
Focus Group members. The author’s BMI was 36 and his waist circumference 
1250mm. He has pain in his lower limbs (knees) as a result of motorcycle 
injuries. During descent he relied heavily for support on the two handrails.  
 A group comprising colleagues from the local work area followed the 
author into the stairs. The author’s body ellipse area was 0.35m2 with the mean 
of the rest of the group being approximately 0.23m2. A body ellipse of 0.35m2 
occupied most of the available width of the stairs so that overtaking would have 
required the person behind to dislodge the author’s arm. This was a doubtful 
behaviour given the altruistic attitude of the group.  
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Figure 7-12 – Diagrammatic plan view of descending group 
Figure 7-12 shows the distribution of the group. The clear width of the stair was 
some 970mm. Peacock et al (2009) show that wider stairs are one of the critical 
factors to facilitate counterflow and allow for overtaking.  
 MacLennan and Ormerod (2011) point out that widening exit stairs do 
not solve all the problems. A stair with a clear width of 1200mm with two 
handrails as suggested by some (Pauls et al, 2007) may provide space for resting 
on larger landings but should this scenario occur then a morbidly obese 
individual could cause a serious delay.  
 The provision of the second handrail is also vital as shown in the study so 
that a single handrail is considered to be inadequate. Morbidly obese individuals 
have problems with stability (Teasdale et al, 2007 and Corbeil et al, 2001). 
 The overall outcome of the case study described in Appendix A7 is 
presented in Figure 7-13 below.  
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Figure 7-13: Ishikawa Chart Summary of Author’s Earthquake Evacuation Case Study 
 This case study filters the discussion on the widening of stairs showing 
how an individual can still obstruct counterflow and overtaking. The 102 
Minutes Content Analysis Study provides a similar scenario where the space was 
taken up by two people i.e. one male assisting a morbidly obese female. 
Management can still cater for this through the development of a personal 
emergency evacuation plan for the individual with functional limitations so that 
this delay is avoided or catered for. The benefits of the wider stair are vital for 
morbidly obese people as well as this measure provides for optional and flexible 
resting spaces within the stairwell. Management can still facilitate overtaking as 
well.  
7.6 Triangulation 
7.6.1 Introduction 
 The triangulation process is described in Chapter 3 and referred to in 
Section 7.1. Only the critical factors will be triangulated from the framework 
provided in Table 7-21 to Table 7-23. The details are also available in Appendix 
A7.  
 The triangulation results are presented in a hierarchy comprising: 
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? Measured data and observations 
? Video data analysed and presented as stair descent charts, density, 
velocity and regressions schedules 
? Triangulation tables. 
 Schedules of the measured data are presented in Chapter 4 and 
Appendix A4. The data was reduced via factor analysis as per Table 7-25 and 
triangulated with the estimated data presented in Table 7-26. 
 Video data is reduced to stair descent charts, spread sheets and 
schedules from which the basis of the data for triangulation with estimated 
“visual” data and occupant survey responses. The overall data set is available 
in Appendix A7.6. 
 Triangulation schedules are presented in this section as the main 
purpose is to present the results of the “triangulation analysis” backed up with 
observations and comments for each of the core consistencies. 
7.6.2 Triangulation from measured data analysis 
 The two exemplar buildings from the Exploratory Case Study are 
included to complete the triangulation process. Principal Component Factor 
Analysis (SPSS V16) was used to reduce the number of measured variables to 
facilitate comparison with survey variables. 
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Variable 1 
(8)* 
2 
(7)* 
3 
(4.8)* 
4 
(3)* 
5 
(2.8)* 
6 
(2.1)* 
Tread width   0.7    
Riser perceptive 0.9      
Stair pitch 0.8      
Uniformity  0.7     
Handrail ffp .77      
Handrail dia      .8 
Illumination    .93   
Step legibility     .89  
Nosing sharp  0.9     
Confidence .76      
Wide well .71      
Orientation   .84    
Maintenance   .83    
Space for rest    .76   
Distance    .83   
Tread width/ shoe 
ratio 
  .74    
Riser height .94      
Width      .92 
Falling height  0.93     
C
O
M
PO
N
EN
T 
D
ES
C
RI
PT
IO
N
   
   
   
   
   
   
 
     DE
SC
E
NT
 R
IS
K
   
    FA
LL
IN
G
 H
A
ZA
RD
 
  ST
EP
PI
N
G
 C
O
NF
ID
E
N
CE
 
   C
LE
A
R 
PA
TH
 A
N
D 
SP
A
C
E 
TO
 R
ES
T
 
   ST
EP
 V
IS
IB
IL
IT
Y
 
   SP
A
C
E 
TO
 S
A
FE
LY
 M
O
V
E 
  
Factor analysis of data from observer template – selection value ? 0.7. *Eigenvalues slected as >2.  
Table A7.6-1: FACTOR ANALYSIS Buildings 3,7 and M1-M6: Observed and Measured Factors/ Variables. 
1-3 = descent risk  
Table 7-26: Factor Analysis – Observed and Measured Data  
  
Table 7-27: Factor Analysis Survey 
 
 Table 7-26 shows the output from the Factor Analysis of the Observed 
and Measured data. The eigenvalues for each component vary from 8.0 to 2.1 
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and caters for approximately 80% of the variance. The cut off values for the 
individual factors “adhering” to each component exceeds 0.7 which demonstrates 
the strength of their relationship. The nominated “cut-off values” are in line with 
those recommended in the literature (Child, 2006 and Kline, 2008). Table 7-27 
shows the survey result. The variables from the survey reduce readily to two 
components whilst the measured ones reduce to six components. The first 
components from each triangulate easily as they are concerned with descent risk. 
It is reasonable to extend this meaning to include falling risk and stepping 
confidence so that components 1-3 in Table 7-26 (red dotted frame) can be 
grouped together. This triangulates well with the estimated STAIR attributes in 
Table 7-27 and is enhanced by the focus group comments concerned with the 
“downward spiral” (directly related to distance) and the agoraphobic issues 
described in the Content Analysis of the 1977 Canadian Study (Beck 1977). The 
remaining three components in Table 7-26 can be similarly grouped under 
Visibility and Support. 
Stair geometry and width  
 Treads measured 260mm and 259mm in Buildings 3 and 7 and were rated 
as poor. 30% of the occupants agreed with this. Considering the average male 
shoe size would have been approximately 300mm as shown elsewhere 
(MacLennan 2011) the triangulation agrees. The slope of the stairs was 360-370 
which attracts a similar rating as the treads but only 7% of the occupants were 
concerned. 
 The treads in M1 were 280mm with a mean shoe length of 289mm. The 
pitch of 320 is within the preferred zone in yet 27.7% of the respondents thought 
they were too steep. This is attributed to the length of the stair flights between 
levels (“roller coaster effect”). The treads in M2 were 300mm and the mean shoe 
length 294mm. 45% of the occupants thought the stairs were still too steep. This 
is attributed to the lack of step definition and the increased descent distance. The 
treads in M3 were only 245mm wide with an associated falling risk 12 times that 
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of the other buildings. The mean foot length was 290mm with a maximum of 
330mm. Only 26% of the occupants were concerned. The pitch of the stairs was 
380 which is unacceptable according to Figure 7- 5. Only 26% of the occupants 
were concerned. The treads in M4 are 260mm wide and the pitch is a 
comfortable 300. The mean shoe length is 289mm with a maximum of 319mm. 
21% of the occupants were concerned. The distance is greater than M1 and M3 
so that this would account for the slight increase in concern. The treads in M5 
measured 270mm and the pitch was 320. The mean foot length was 290mm with 
a maximum of 330mm. This reflects the relationship for M4 so there is a pattern 
with distance. M6 treads were 260mm with a pitch of 370. The mean foot length 
was 280mm with a maximum of 335mm. The percentage of concerned occupants 
increased being exacerbated by the increase in descent distance (also confirmed 
by focus groups).  
 Uniformity was an issue in Buildings 3, 7, but only concerned 8.5% of 
the occupants. Uniformity was reasonable in M2 – M6 and this was reflected in 
the comments.  
 
Handrails – provision for support 
 In every case respondents easily found the handrails. This did not match 
the measured number, contrast and graspability. Observations show that 25% of 
each group started off holding the handrail and that this increased on average to 
40% at the lower levels. The focus group comments reflected the comments of 
Reeves et al (2008a) re the increase in user confidence associated with handrail 
use.  The author’s case study shows the opposite end of the spectrum where 
someone relies heavily on handrails and relies heavily on graspability and a 
handrail on each side of flight to mitigate any perturbations. This reflects the 
findings of Maki et al (1998).  
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Stairway visibility 
 87% of the occupants in Building 3 and 80% in Building 7 had no 
problem with visibility which reflects a lighting level of >50 lux. Building 7 had 
severe shadows affecting stair legibility at various points but this did not show 
up. The illumination levels in M1-M6 were all reasonable. In M1 and M2 the 
stair legibility was poor. There were a significant percentage of occupants who 
were concerned in each case. In M1 the percentage peaked at 25%. M2 only 
peaked at 10.4% and yet the stairs were virtually illegible (white). This building 
is where the lack of step definition was one of the triggers for one of the falls. 
Concern for step definition was also expressed by the focus groups especially in 
terms of those with reduced vision with poor depth perception.  
 M3 and M4 had a reasonable overall level of contrast between vertical 
and horizontal surfaces with marked nosings. Less than 3% of the occupants 
were concerned. M3 and M4 triangulate reasonably well although the occupants 
were familiar with the steps because of their past evacuation experience.  
 M5 with good step definition and illumination triangulates well and this 
is reflected in a low rate of concern of some 3%. M6 had grey walls and grey 
treads but the nosing were marked in yellow. These were “white-out” conditions 
for some as indicated by the focus groups and yet only 6% of the population 
were concerned. The pattern of triangulation was quite weak and yet M2 did not 
match at all. It is no coincidence when visibility is exacerbated by distance and 
the constant “downward spiral” that it would be the sites of one of the falls. 
 
Overall comfort, ventilation, orientation, falling factors, familiarity, 
management and resting space 
 Buildings 3 and 7 did not triangulate re maintenance where 3 was well 
maintained and 7 not. This changed for management where Building 3 had a 
much higher level of practice and participation. Falling height or downward 
spiral triangulated well for the steep stairs in each case (25%-30% concerned).  
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 Overall comfort is redefined as descent risk from the reduction of factors 
carried out in the factor analysis. “Too many flights” that reflects the focus group 
comment, “downward spiral” is central to this especially with an increase in 
distance traversed. The degree of correlation between the number of health 
conditions (stated separately in the correlation matrix in this chapter) across the 
entire group of buildings (R>0.3 and p<.05) along with fatigue confirms this 
measure. 
  In terms of triangulation the marked break in the overall pattern of 
responses is for M2 where distance, lack of ventilation and whiteout conditions 
exacerbate the locating of each step by the occupant may cause them to estimate 
that the treads are too narrow and stairs are too steep. The treads are 300mm and 
the pitch is only 300. Otherwise the level of comfort or descent risk concerned 
some 20% -30% generalised across M1, M3, M4 and M6 where the stair 
geometry was of concern (Johnson and Pauls, 2011 and Roys, 2006). M5 did not 
triangulate because of the slow descent speed which has already been discussed. 
 Management is measured by evacuation experience, use of a designated 
stair and also degree of crowding as relating to the reduction in descent speed. 
There was a consistent pattern across all M1-M6 of > 70% except for M2 which 
was 33.3%. This triangulates completely for all buildings especially given the 
malfunctioning of the fire alarm and the stair ventilation systems in M2. Also 
many of the levels refused to participate in the trial evacuation. This is also the 
building that the two falls occurred in. The fastest evacuation times reflected the 
adoption of a “one out-all out” or uncontrolled evacuation policy where the 
procedures were simple. This was also reflected in the experience level of the 
occupants (M1, M3, M4 and M5). The M6 strategy was sequential but had been 
regularly practiced as reflected in the experience rate of 85%. It was still more 
complex.  
 Familiarity with the stairs is rated as 4 for M1, 2 for M2, 4 for M3, 2 for 
M4, 2 for M5 and 5 for M6. The response from the occupants shows evacuation 
experience >70% and their use of the one designated stair for those evacuations. 
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The response for the designated stair exceeds 80% in most cases. The difference 
to this is M2 where the experience is 33% and the use of a designated stair at 
50%. The triangulation here is pattern matched (Hak and Dul, 2009) 
 Resting space cannot be triangulated but applies given that response rates 
for “too many flights” correlates well with “fatigue” in the matrix in this chapter. 
Video observations marked with the relevant symbol for M6 in the next section 
show people resting. This was observed in other buildings but could not be 
verified between the observer comments and video based data. Resting spaces 
were available in M1, M2, M3 (Stair 1), and Stair 2 in M6. 
 Falling height is the height between landings. This was not considered to 
be critical by occupants in their response concerning fear of falling (<6%) except 
for M4 where it increased to 14%. The falls produce an interesting dichotomy. 
Reducing the falling height by increasing the number of turns where the number 
of storeys exceeds 20 may be a problem given the pattern associated with 
distance reflected in M2 and M6 where the percentage of occupants reported 
fatigue, dizziness and vertigo as the impact of descent increased to an average of 
43% and 25% respectively a good 100% increase over the other buildings. The 
above can be generalised across M1-M6 and is also consistent with comments 
from the focus groups. Provision of resting spots is therefore more suitable so 
that occupants can rest and reduce the risk of falling as they will not be so tired 
(Helbostad et al (2010). 
7.6.3 Core Consistency Observations and Comments from Video 
Data Set. 
 Figure 7-14 shows the Stair Descent Chart and Schedule for Building M1 
and this is typical for all the buildings, one chart for each stair. All the stair 
descent charts are located in the Appendix A7.6. The x-axis represents the 
elapsed time from the first occupant entering the relevant stairway to the time the 
last occupant passes the final exit point or a pre-determined point on the ground 
floor. The y-axis represents the storeys in consecutive order above the ground 
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floor. Each coloured line therefore represents the rate of progress down the stairs. 
They are colour coded to represent the floor of origin. Red lines in all cases 
represent observers descending with the occupants which are used to triangulate 
the observations of the images captured by the video cameras. Figure 7-15 shows 
examples of symbols inserted on the charts which are explained on the schedules 
attached to each chart. These comments provide a description of such events as 
occupants overtaking and resting including a description of occupants’ intrinsic 
characteristics. These charts and associated audio files also provide further 
information on descent speeds and triangulation of group formation and have 
been used to derive the triangulated information shown in Table 7-28 and Table 
7-29. 
 Tables 7-28 and 7-29 are summaries of the triangulation tables located in 
Appendix A7. Table 7-28 is concerned with whether or not fatigue and hence the 
risk of falling (Lord et al, 2007) is associated with lack of fitness as indicated by 
BMI and/or functional limitations. The triangulation is matched with R squared 
as a measure of density on the stairs related to the descent speed. Table 7-29 is a 
triangulation between density as indicated by survey respondents and that 
actually measured from the vide3o data. These tables and the associated 
outcomes are discussed further in this section.   
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Figure 7-14: Specimen Descent Chart for Building M1 and Observation Legend/ Schedule forming data base in Appendix A7.6 
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Figure 7-15: Example of use of coloured infill and edged symbols to locate occupants and observers on the M1 stair descent chart. 
 
 
 454
Stair Descent Schedules and Spread Sheets – Observations from 
Appendix A7.6 
 The only interesting observation for building M1 concerned the actions 
and descent characteristics of a morbidly obese female person carrying bags on 
her own. Others catch up from behind and do not pass but this impact is masked 
further by delays caused by the linking of the two stairs into a common passage. 
The average descent speed is 0.38m/s as compared with the Mature Age Focus 
Group of 0.36m/s. There was a certain degree of merging in distinct groups 
between levels 6 – 10.  
 There are no comparisons available for M2 because of the impact of the 
adverse conditions described in Chapter 4. There were two falls noted by 
observers.  The first fall was an overweight male between 35 and 65 years of age 
from Level 34 who “haemorrhaged”200 due to the excessive heat exertion and 
other factors and fell on the 10th floor. No further information was available from 
the paramedics who climbed the stairs to treat him and take him to hospital. The 
author was not permitted any further access. The second fall was that of a 
morbidly obese male with reduced vision, He descended from level 36 stopping 
to rest on two occasions. The fall (coming to rest on the ground) occurred on 
level 13. The fall was due to the male missing his footing due to lack of step 
definition, lack of strength due to fatigue to prevent the fall and problems with 
balance and depth perception.  
 The average descent speed for M3 was 0.68m/s and compared well with 
the BMI Benchmark Focus Group. Occupants with more than two health 
conditions and/or BMI>35 would have generally been at some risk of falling as 
this speed was > 0.36m/s the average speed of the focus groups with functional 
limitations. The observation of the delay caused by the family with two toddlers 
is confirmed by the average descent speed at this point which was only 0.38m/s. 
                                                 
200 There was no liability attached to this incident as the research group were merely observers at 
a standard building trial evacuation designed and organised by others. 
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Observed handrail use increased by 100% between Level 9 and ground. Some 
voluntary merging occurred at levels 16, 15, 11, 10, 9, and extensively at 5 and 3.  
 The average descent speed for M4 overall was 0.38m/s resulting from 
delays of up to 3.5 minutes due to merging between occupant groups on the 
lower levels. There was no significant relationship between density and velocity 
(R2=.01). 83% of those observed were using the handrail. Many of the occupants 
observed held up the others behind and of those 16.7% were significantly 
overtaken (including the male of +60 yrs.). 58% of the occupants were of 
“normal weight” but held up others due to functional limitations or due to the 
wearing of unsuitable footwear (high heels). There was evidence of two 
occupants resting. 
 The average descent speed in M5 is 0.51m/s and density can only predict 
an average 30% of the variance in speed. There was extensive queuing in the 
stairs especially between levels 12 and 13. Delays also occurred due to merging 
initially up to level 11 and then to a certain degree in the levels above. 40% of 
the occupants observed were obese and most likely unfit. Others were slim and 
had some sort of functional limitation or wore unsuitable footwear. 90% of those 
observed used the handrail. There was a healthy distribution of slow movers 
especially in stair 2. Of special interest is a female descending from level 13 who 
after negotiating two flights rested on level 11 before assisted by two other 
females down to the ground floor.  
 Only 25% of the occupants in M6 were overweight and some of them 
were significantly overtaken. Others were mostly of normal weight and of these 
50% were overtaken by others.  There is evidence of resting although the space 
within the stairwell was minimal (e.g. female from level 27). Approximately 
45% of those observed used the handrail. The average descent speed was 0.6m/s 
and is the same as the projected group speed of the BMI Benchmark Focus 
Group. The density varied from 0.5 – 2.6 persons/m2 and yet the relationship 
cannot be positively confirmed as R2 values varied from 0.02 to 0.42. The latter 
is most likely due to the impact of ascending three levels from the basement to 
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ground level outside as well as the size of the groups and extent of merging 
between three sequential levels. A 60+ year old male was significantly overtaken 
by others. Approximately 42 % of those observed in Stair 2 were overtaken by 
others. 67% of the slow movers were female and of these 42% were under the 
age of 35 years. Approximately 20% of the female occupants observed wore high 
heeled shoes and relied heavily on the handrail. 
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BUILDING 
NUMBER 
All OBESE 
classes BMI BMI>35 
Balance/Fear of 
Falling from 
Survey 
≥ 2 Health 
Conditions R2 Masked by density 
 
% age 
population 
% 
population 
%age population 
%age population 
Average 
across all 
stairs  
M1 6.0 4.0 
 
3.9/2.9 2 0.23 23% could have been masked – reduced stair width where scissor stairs link into common passage 
M2 15.65 12.1 0.7/0.7 3.3 estimated Not measured 
M3 14.7 9.0 4.7/2.8 5.2 0.21 21% could have been masked  
M4 3.4 1.1 4.1/13.4 3.3 0.01  
M5 7.4 1.8 6.9/6.9 5.5 0.3 30% could have been masked – delays due to extensive merging 
M6 9.9 3.3 2.9/7.1 8.2 0.3 30% could have been masked – some delays due to 3 storeys of ascent 
Table 7-28: BMI and Functional Limitation Falling Risk – Derived from Comparison with Fuller Figure and Mature Age Focus Group Benchmarks 
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Building No. Range of 
Densities  
Persons/m2 
Estimated  Perception 
confirmed 
with density 
measure 
Comments 
M1* 0.4 – 2.2 3.9/69.2 48% “Few others around” only confirmed.  
The stair descent chart clearly shows the maximum densities at the lower 
three levels caused by the reduction in exit width and the merging pattern to 
proceed down a common corridor.  
M2 (sequential) Not measured 42.5/50 Not measured No comments 
M3* 0.3 – 1.5 18.1/71.4 70% Across all responses 
Relatively low densities which is confirmed by the 71.4% response for the 
“few others around category”. There was a marked difference between the 
two stairs which is reflected in the 18.1% for the “crowded” categories. 
Delay in one stair due to family with children and a pram from level 11 
which caused stair to bank up slightly behind. 
M4* 0.2 – 1.7 2.1/67.7 89% No “crowded and slow” recorded  
Stair Descent Charts and observer comments show 13 occupants 
significantly holding up others behind due to assumed functional limitations 
and also unsuitable footwear (high heels). Also some 100 seconds where 
conditions on one of the stairs reflected the “alone” category between levels 
18 and 11. Some evidence of overtaking. Generally when upper levels came 
in contact with the “tail” of the lower levels  
M5* 0.65 – 3.5 95/5 87% No “alone” and “few others around” recorded.  
This is the most significant triangulation as only two categories were 
recorded from the survey and these reflected exactly the data shown on the 
density/velocity charts over time.  
M6 (sequential) 0.5 – 2.6 83/15 30% Mainly verified in the “crowded and moving well” category. 
Velocity/Density Charts provide little information other than the high rate of 
group formation and the apparent size of those groups. Management would 
have organised the groups in terms of structure but they were also quite 
closely monitored by fire wardens keeping them close together and moving 
uniformly. An example of this is the interaction of wardens with a 35-59 year 
old male who was not staying within a group so that he did. Density in this 
situation is taken to be directly associated with the slow movers and group 
size. .  .    
Table 7-29: Triangulation of “Conditions in Stairs” (Source: Appendix A7.6) 
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Descent Velocity Regression 
 The results of the regression analysis from the stair descent spread sheets 
may be found in Table 7-28 above. Where some relationship is achieved the 
velocity only accounts for 30% of the variance generalised across all samples. 
Seeing all stairs are less than 1000mm in clear width there is insufficient room 
for a great deal of overtaking. The results will be discussed further under 
“Triangulation Schedules”. 
7.6.4 Triangulation Schedules – The Individual and Groups 
 Table 7-28 and Table 7-29 demonstrate the following for M1-M6 via 
triangulation: 
 
? M1, M3 and M6 show a consistent pattern between the risk of falling and 
obesity / functional limitations (calculated from Appendix A7.6). M4 and 
M5 triangulates with balance. The percentages of concern from the 
survey are small (1-9%). 
? M1, M3, M4, and M5 show a strong pattern between those occupants 
with ≥2 health conditions and balance or stability going down the 
stairs. The same pattern is not reflected for the fear of falling except 
for M6 which was confirmed by the Focus Groups. It is assumed that 
M2 would follow M6 based on observers’ comments. The percentages 
are in the same range as for the obese condition varying from 2% to 
8.2%. 
? Fatigue can be “masked” by density. The causal relationship between 
density and velocity is extremely weak and only moderately 
significant (p<.05 for M1, M3, M5 and M6) and yet delays caused by 
merging and the width of stairwell can have the same effect. Detailed 
comments are shown in Table 7-28. Nevertheless the descent speed of 
0.39m/s for M4 indicates the cause is due to slow movers and delays. 
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The average descent speed for the Fuller Figure and Mature Age Focus 
Groups was 0.36m/s. The average descent speeds for M5 and M6 is 
0.51m/s and 0.6m/s respectively which is within the projected average 
descent speed of the BMI Benchmark Focus Group of 0.6m/s as 
presented in Chapter 6, 
? The generalised occupant estimated descent capability of 25 storeys in the 
1980’s as shown in Chapter 5, Figure 7-10 shows that the descent 
capability of 50.8% of the aggregated 2008-2010 case study population is 
20 storeys or less.  
 
 In discussing the impact of group formation, size and cohesion it is 
necessary to triangulate the findings of the survey. Group formation triangulation 
is shown in the second left hand column of Table 7-29. The formation rate of 
31.4% for M1 is confirmed for 47% of the time; the rate of 48.1% for M3 is 
confirmed for 60% of the time; the rate of 54.7% for M4 is confirmed for 80% of 
the time; the rate of 76.7% for M5 is confirmed by 96% of the observations and 
finally the rate of 67.3% cannot be reliably confirmed for M6 as the observations 
only accounted for 9% of the sample. 60% of the buildings were confirmed for 
more than 40% of the time. This is considered to be reliable especially when 
random observations by the M6 observation team from levels 31, 25, 20, 16, 10 
and 3 confirm the survey response rate of 67%.   
 Table 7-28 does show a weak causal relationship between velocity and 
density. When the density patterns over the evacuation period across buildings 
taken over the evacuation period as shown in Table 7-29 are compared (see 
Appendix A7.6 for actual patterns) it could be concluded that there is some kind 
of relationship. This is not supported by the regression analysis. It is also not 
supported by the stair descent charts. An in depth analysis of the spread sheet 
data and embedded observations show that there are extensive delays due to 
merging, group size and the narrow stairs prevent extensive overtaking. It 
 461
estimated that if these effects were included that up to 60% of the variance could 
be predicted. A significant relationship between those factors that reduce the 
descent velocity could be loosely represented by density if delays, group effects, 
and exit configuration were included. Based on output and analysis of the focus 
group data in Chapter 6 and Appendix A6 a reduction in the descent rate is 
directly related to “estimated capability” where the risk of falling and fear of 
falling and crowds are concerned.  
 The relationship between “density” and “velocity” was measured via 
regression but there is still a need to triangulate these results with the perception 
of the occupants. M1 occupants did not really register the delays at the lower 
levels caused by the common corridor as 48% of the confirmations related to a 
“few others around”. M3 shows relatively low densities (0.3-1.5 persons/m2) 
which is confirmed by the 71.4% response for the “few others around” category. 
There was a marked difference between the two stairs which is reflected in the 
18.1% for the “crowded” categories. The M4 Stair Descent Charts and observer 
comments show 13 occupants significantly holding up others behind due to 
assumed functional limitations and also unsuitable footwear (high heels). There 
is some 100 seconds where conditions on one of the stairs reflected the “alone” 
category between levels 18 and 11. No “crowded and slow” responses were 
recorded which reflect the range in measured densities (0.2-1.7 persons /m2) so 
that the confirmed rate of 89% is positive. The M5 densities range from 0.65 to 
3.5 persons/m2 are confirmed at the rate of 87% across the categories of 
“crowded and moving well” and “crowded and slow” categories. The M6 
densities range from 0.5-2.6 persons/m2 with an average descent velocity of 
0.6m/s so that the survey rate of 30% which is confined mainly to the “crowded 
and moving well” category is reasonably reliable.  
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7.6.5 Triangulation/ pattern matching between STAIR and 
 Individual Functional Limitations. 
  The aim of the PhD Case Study is to examine an occupant’s estimated 
descent capability in the context of the critical factors in each of the core 
consistencies. Estimated capability is measured in the number of levels 
descended. The Delphi Group was not convinced that this measure should be 
established by a self reporting procedure so that some triangulation is required 
between a measured figure and a self reported figure. There may not even be a 
relationship between the two. Another self reporting measure that correlates 
significantly with functional limitations and the level of fitness is whether or not 
an occupant agrees that there are too many flights. The latter has therefore been 
triangulated with a measured figure as well. The measured figure is the floor of 
evacuation which is an approximate measure of the actual distance traversed. The 
value of this triangulation is that it can be related to the outcome of the 
correlation and factor analysis in this Chapter.  
 
 
 
Building 
Mean Evacuation 
Level/ 
“too many flights” 
(% agree) 
Mean Estimated 
capability (no. levels) 
M1 5 8.8 14 
M2 20 46.1 21 
M3 8 10.6 17 
M4 11 10.4 29 
M5 10 6.8 17 
M6 15 30 30 
Table 7-30: Triangulation Schedule for Descent Ability 
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Figure 7-16: Percentage “too many flights” vs. Mean Actual Distance (No. of Levels) 
 Figure 7-16 shows that the line of best fit between an occupant’s mean 
estimated journey of descent as represented by “percentage too many flights”  
and the floor they started their evacuation from is an exponential relationship 
where: 
Y (mean number of floors descended) = 3.341e0.1274x where x = “too many flights 
–agree” 
The triangulation accounts for 79.2% of the variance and is moderately 
significant for p<.05.  
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Figure 7-17: Distance traversed vs. Mean Estimated Capability (No. of Levels) 
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 Figure 7-17 shows that the line of best fit between the mean estimated 
capability and the distance that they actually descended (both measures are the 
mean) is a polynomial relationship where: 
 
Y (mean estimated capability – no. of levels) = -0.1604x2 + 4.7285x – 8.0418 
where x = no. of levels descended. 
 
 The triangulation here only accounts for 63.4% of the variance and is 
moderately significant for p<.05. 
 
 The value of this analysis is that “too many flights” correlates moderately 
significantly (p<.05) with the following intrinsic factors which can be classified 
as being directly associated with descent risk as an outcome of the factor analysis 
summarised in Table 7-26 and Table 7-27 
 
? Fatigue (reasonably significant for all buildings) 
? Pain in lower limbs (reasonably significant for all buildings) 
? Asthma / dyspnoea (reasonably significant for all buildings) 
? Balance/ dizziness/ agoraphobia (reasonably significant for M1-M4) 
? Chest discomfort (reasonably significant for all buildings except for 
M3) 
 
Triangulation therefore confirms that fatigue relates directly to distance 
(estimated and measured) and is the most critical intrinsic factor underpinning 
an occupant’s estimate of their descent capability. Chapter 7 shows elsewhere 
that falling risk is also linked indirectly with fatigue so that it also underpins 
estimated descent capability.   
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7.7 Conclusion  
 A similar response for the Exploratory Case Study, Content Analysis and 
Focus Group Studies may be found in Chapter 6. The purpose of this section is to 
draw together the results and discussions centred on the 2008-2010 Case Study. 
This conclusion links to the findings in Chapter 8. 
7.7.1 The Aim and 2008 – 2010 Case Study  
 The Aim of the PhD Study once again is: 
 
“To study the performance of mature office workers in trial evacuations of high 
rise office buildings in the context of extrinsic and intrinsic factors” 
 
 Age cannot be generalised as a significant predictor of fitness or obesity. 
The “crosstabs”201 analysis in Table 7-12 did show a more predominant 
distribution of morbid obesity amongst the mature age office workers (>45 years) 
which is confirmed in other general population based studies (Mchurchu et al, 
2004; Bertrais et al, 2005 and Jia and Lubetkin, 2005). Age is therefore still seen 
as being associated with fitness in terms of the loss of strength (muscle mass) 
after the age of 40 years (Lauretani et al, 2003). The reduction of the descent 
speeds of the Fuller Figure and Mature Age Focus Groups below that of the BMI 
Benchmark Group coupled with their comments show that there is some kind of 
relationship especially when this lack of fitness is associated with functional 
limitations (Booth et al, 2002).  
 Taking the above factors into account the main response to the Aim 
is that 50% of the general population as represented by the mean of the 
occupants from M1-M6 do not believe that they can cope with more than 20 
storeys as predicted by the expression y (cumulative percentage of 
population) = -0.017x2+2.7449x-5.7391 where x= the number of storeys or 
levels. Triangulation also revealed: 
 
                                                 
201 “Descriptives” – SPSS V16 
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? That the distance actually travelled could be used to predict the 
occupant’s estimated capability with a variance of 63.4% (p<.05)202. 
? That the fatigue and “fear of falling” related response of “too many 
flights” for 50% of the population could be used to predict the number 
of levels actually descended (R2=.792, p<.05)203. 
 Distance is also shown as a major predictor of travel speed (Peacock et 
al, 2009 and 2012) and this supports the above. Table 7-28 and Table 7-29 
showed that there was no pattern associated with descent speed as a predictor 
because of the masking effect of density, delays and narrow stairs. This was 
explained further by the Fuller Figure and Mature Age Focus Groups where 
they said that as individuals they often descended at a faster speed than they 
were comfortable with because they were too embarrassed to ask the rest of 
the group to slow down. They maintained that this increased the falling risk. 
Table 7-28 and Table 7-29 show a weak pattern appearing between the 
number of levels traversed, descent speed and the estimated risk of falling 
based on the Focus Group explanation. 
7.7.2 Specifics on triangulation 
Distance and Descent  
After reducing the number of variables from both the survey and the measured 
data by factor analysis and then triangulating the results the two main factor 
groupings are “Degree of Descent Comfort” and/or “Descent Risk” especially 
with the highly significant relationship between estimated distance and fatigue in 
Table 7- 10 (p<.001). The other is Visibility and Support. The groupings partly 
                                                 
202 For the expression y (mean estimated ability in no. of levels) = -0.1604x2+4.7825x – 8.4108 
where x= no. of levels descended by 50% of the population from M1-M6.  
203 For the expression of y (mean number of actual levels descended) = 3.3416e0.1274x where x= 
“too many flights’ for the mean population of M1-M6. 
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agree with other studies (Wright and Roys, 2008 and Johnson and Pauls, 2011) 
except that distance is added204.  
Functional abilities 
 The Exploratory Case Study revealed a significant concern to evacuating 
occupants (p<.01) and that was the effect of “perceived” locked exit doors. This 
triggers a possible fear known as agoraphobia in occupants with anxiety 
disorders and can manifest in various forms especially dizziness and vertigo 
(NCBI, 2012). Health conditions or functional limitations205 together with 
obesity/ fitness are therefore the critical factors that could trigger a fall. These 
factors are corroborated by the significance of their relationships to fatigue 
(p<.01) in Table 7- 10 and the relationship of fatigue to estimated distance 
(p<.001). 
 The literature shows that walking speed can be used to predict functional 
limitations (Fritz, 2009 and Spearpoint and MacLennan, 2012) and yet this could 
not be confirmed through extensive triangulation in Section 7.6. It was confirmed 
in the Focus Group Studies as shown in Chapter 6 where the speeds of those with 
functional limitations are compared with those in a Benchmark Group of fit 
young office workers. 
Validated measure of fitness – any change from BMI measure? 
 Regardless of the reporting instruments used206 the level of significance 
associated with fitness was still only moderate. In attempting to generalise 
between building populations the data was aggregated for M1-M4 and M5-M6. 
The correlation was still moderately significant (p<.05) but R increased from 
                                                 
204 Once again supported by Focus Group Comments of the “downward spiral”. 
205 Dizziness/Vertigo/Balance, Lower Limb pain and strength, respiratory conditions, and fear of 
crowds and falling as well as those factors that increase fatigue as a function of distance travelled. 
206 The validated IPAQ system for M5 and M6 only slightly improved the correlation between 
fitness and estimated descent capability.  
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0.177 to 0.35. The constructed variable “METS” (combination of no. of health 
conditions and BMI) for M1-M4 followed the same trend (R= 0.4) being 
moderately significant. The only response to RQ3 is that IPAQ does not decrease 
the level of reliability. 
The survey data and Delphi opinion on stairs 
 The factors raised by the Delphi Group and in the literature review for the 
measured assessment were reduced by factor analysis. There were a total of 6 
principal components produced (SPSS V16) with eigenvalues > 1. The cut off 
value for factors clustering around each of the components was >0.7 which is 
conservative (Child, 2006). Linking components 1-3 together matched the 
outcome of the factor analysis of the equivalents from the survey respondents. 
The two groups represented Descent Risk or Degree of Descent Comfort and 
Visibility/ Support. This reduced variable correlated highly significantly with 
estimated descent capability for M1-M4 combined (n=326) with R=0.59 and 
p<.001 and for M5-M6 combined (n=232) with R=.285 and p<.001.  
Modifications to STAIRS – focus group and survey 
 As a result of the Focus Group suggestions and Section 7.6 the 
modifications required are: 
Stair comfort to create confidence or decrease descent risk 
? 300mm goings corroborated by the mean shoe sizes determined of 
between 280-300mm and their association with occupant concern in 
the survey.   
? Stair pitch being in the preferred zone of between 230 – 320  
? Uniformity with construction tolerances as specified of 5mm 
maximum. 
? If some variance is to be accepted then two handrails should be 
provided within reach as evidenced by the need in Appendix A7.5. 
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? Number of turns kept to a maximum of two per level. The well void 
should be such as to avoid the user being distracted by views of lower 
levels. 
? Stairwell should be properly maintained by management so as to be 
free from obstructions, irregularities and surfaces that have a 
Pendulum Test Value less than 36. 
? Levels should be clearly marked and doors provided with viewing 
ports. 
? Nosings should not promote injury207. 
? Nosings should be clearly marked in contrasting colour (contrast 
sensitivity >0.3) 
(Refer also Roys, 2006; Alderson et al, 2010; Templer, 1992; Pauls et al, 2007)  
 
Visibility and support: 
? Resting space every five floors as detailed in Chapter 6 or provide 
wider stair between 1200-1500mm between walls which would not 
only cater for counterflow and overtaking but would also provide 
resting space. This requirement is also confirmed by the number 
instances of overtaking in M5 and M6 that alleviated frustrations of 
some with slow movers. Additional space would address needs of 
occupants who became anxious during descent because of a fast 
descent speed (refer Pauls et al, 2007 and MacLennan 2011).  
? Handrails should be continually graspable (32-45mm diameter) and be 
of a contrasting colour. 
                                                 
207 Sharp steel edged nosings can cause injuries compared to nosings that are “pencil” rounded. 
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? Vertical and horizontal surfaces should contrast in colour so as to 
increase the legibility of the steps. 
? Doors should be recessed and sighted so that flows are not 
diametrically opposed; this allows for smoother merging. 
?  Illumination should clearly define the steps for each full flight without 
creating glare or shadows. This aspect must be maintained as made 
very clear in the Exploratory Case Study. 
? Conditions must be adequate so as to avoid heat building up and lack 
of air. Mechanical ventilation is vital and must be maintain especially 
to operate in evacuation mode (M2 survey results and observations 
confirm this especially with the evidence of two falls). 
Self designation in evacuation planning 
 Self designation is appropriate as evidenced from the Chapter 6 Content 
Analysis of Dwyer and Flynn (2004) by the actions of the female who organised 
her own evacuation chair and buddy group who were trained. Zmud (2007) 
shows how this approach was successful without compromising others. Self 
designation is appropriate but can only be encouraged using a system such as 
PEEPS (DCLG 2007a) where the management team is inclusive (Gwynne, 
2008). The Focus Groups recommended this approach and such a system is part 
of the procedures for M6. 
 One important thing to realise is that the evacuation strategy can increase 
the falling risk as is evidenced in the difference between uncontrolled and 
controlled evacuations. Section 7.6 shows that descent speeds usually increased 
with sequential evacuations for buildings such as M6 and also Building 7. This 
can be seen in a comparison between the stair descent graphs for M4/M5 
(uncontrolled evacuations) and M6 in Appendix A7.6. Uncontrolled evacuations 
are usually more efficient except that there will be more delays due to merging 
which generally is the result of deferment (also refer stair descent graphs and 
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observation schedules in Appendix A7.6). Uncomfortable descent speeds make 
users less confident as confirmed by the Fuller Figure and Mature Age Focus 
Groups in Chapter 6. 
Risk to the Group of providing assistance 
 An author based case study described in Section 7.5.3 in assisted 
evacuation that tested the outcome and assumptions of a study by Adams and 
Galea (2011) confirmed that a group of two persons could assist a 200Kg 
occupant down a +370 stair with an average descent speed of 0.5m/s which is the 
same as measured in M5. Discussion of this study in Section 7.5.3 reveals that as 
many as eight individuals may be required to assist such an individual. They may 
not be trained to do so and therefore may injure themselves. This is also backed 
by other similar handling studies such as that by Hignett et al, (2007). The 
WTC9/11 Incident Content Analysis in Chapter 6, the report by Zmud (2007) and the 
Author’s evacuation chair case study shows that there are devices, which, if used by 
trained individuals in an organised group, can easily mitigate this hazard and that it can 
be inclusively organised. 
 Fear of the group by its members 
 The threats to individual descent capability (actual and estimated) identified by 
the Focus Groups in Chapter 6 and triangulated further in Table 7-28 . The individual 
may be too embarrassed to step out of the group and rest as did some of the 
occupants in M6 especially where the stairs are not wide enough. The result is 
that occupants who have an increased risk of falling due to obesity and other 
associated health conditions including anxiety disorders will be further 
threatened when descending at a speed with which they are uncomfortable. 
? Members of the group will most likely wish to help (102 Minutes 
Content Analysis) and yet might not be trained to do so. Tasks such as 
the manual lifting of a morbidly obese person can cause problems 
(Signet et al, 2007) and may require more than one person (Adams and 
Galena, 2011).  
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? Groups are readily formed for 87.5% of M1-M6 matching the findings 
from the Exploratory Case Study (see Chapter 5). 
? The Fuller Figure and Mature Age Focus Groups showed that 
occupants or individuals can be apprehensive about others in the group 
due to “fear of crowds” (highly significant - p<.001, M1-M6, (Table 7- 
10) e.g. view of steps obstructed by others in close proximity. 
? The NY Times Blog Content Analysis (Parker-Pope, 2008 and Pull, 
and Heber, 2009) demonstrated some antagonism toward to obese 
persons who were slow movers.  
? Uncontrolled evacuation strategies may increase the densities and momentary 
delays in the stairs but will reduce the descent speed but this will decrease the 
amount of fatigue as individuals will have time to rest. Sequential evacuations 
may result in faster evacuation speeds but may place some at risk who are obese 
and/or subject to other functional limitations by increasing the risk of falling. 
 
7.7.3 The Contextual factors: 
 This section should be read in conjunction with Figure 7- 18 where the 
status of the contextual factors is summarised on the fins of the chart linking in with 
the spine.  
The Individual (Intrinsic): 
 Age and gender have no significant relationship to performance that can 
be generalised across the cases other than when related to fitness and functional 
limitations though age and gender as shown in the Chapter 6 studies. 
 Obesity and fitness including that measured using the validated IPAQ 
tool were moderately significant in terms of performance. When linked with 
functional limitations such as diabetes, balance, cardio vascular conditions and 
other as highlighted by Booth et al (2002) the level of significance was high 
when compared with estimated maximum distance descent ability or actual 
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number of storeys traversed. Other cognitive and neurological conditions such as 
fear of falling, agoraphobia and other anxiety disorders limit performance in a 
highly significant manner. 
 Fatigue relating to fitness and other conditions is able to predict 
performance more so than any other intrinsic factor. This relationship was found 
for both the estimated and actual performance. This was also confirmed through 
triangulation. 
The stairs – environment and construction: 
 Factor analysis reduced the variables to: 
 
? Descent risk/ hazard/ comfort: made up of pitch, tread width, number of 
turns, and distance traversed including width of well (distractions) 
? Visibility and support made up of stair width, handrails, legibility non 
slip surfaces, ventilation and illumination. 
  
There is a highly significant relationship with performance. Triangulation with 
survey respondent reaction to this classification supports the results and also 
compliments the work of Johnson and Pauls (2011) especially in relation to 
pitch. The results through triangulation agree with findings of Reeves et al 
(2008a) of increased individual confidence in terms of individuals being just able 
to “run their hands along the handrail”. The significance of ventilation and 
illumination is maintained between all the studies from Chapters 5-7.  
 The author case study on the Christchurch earthquake evacuation shows 
the dichotomy of increasing the width of stairs. This compromises some 
individuals who require the use of two handrails when resting spots are not 
available. The author was a slow mover and held up the others.  
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Figure 7- 18: Ishikawa Chart Summary of significant contextual factors and main indicators of descent capability or performance 
The Individual / Office Worker
•Age and gender have no significant relationship. 
Association with Obesity shown.
•Obesity and Fitness – both self reported and validated 
systems show relationship of moderate significance.
•No of health conditions significant relationship with 
distance perceived and traversed.
•Fear of falling and balance relate significantly with 
distance and descent risk
•Fatigue highly significant as predictor of perceived 
descent capability and confirmed by perceived distance 
travelled triangulated with measured distance –
measured distance triangulated with perceived and was 
significant.
The individual and others on the stairs –
Group.
•> 30% of population form groups on the floor prior to 
entering the stairs with 87% entering stairs.
•Focus group shows that members with functional limitations 
may have to travel too fast in sequential evacuations (free 
flow) which increases risk and fear of falling as well as 
balance
•Other group members obstruct view of steps
•Mainly altruistic behaviour that limits overtaking by others 
outside the group (group cohesiveness and permeability). –
could increase stair width
•Risk of injury assisting others when not trained – devices 
available that allow descent speed of 0.5m/s
•Frustration when others are not trained and don’t know 
what to do.
The stairs – environment and 
construction
•Descent risk/comfort/confidence*
•Distance 
•Number of turns/ width of well
•Slope or pitch/t read widths/ uniformity
•Good maintenance (ventilation)
•Contrast and legibility of steps and handrails
•Visibility and support*
•Stair width (1200-1500) and/or resting areas
•2 handrails that are graspable (32 – 45mm)
•Contrast vertical and horizontal surfaces – numbered levels
•Recessed doors to remove obstructions
•Non slip finish with PTV>36.
•Ventilation and illumination
Management and Maintenance 
•Illumination and Ventilation
•Cleanliness and free of obstructions
•Non slip and even wearing surface
•Evacuation strategy simple vs. complex can 
lessen confusion, provide clearer 
communication and slow down descent so that 
risk of falling decreases
•Training and practice so that occupants are 
familiar with what they have to do, can assist 
others safely, know where they can rest and 
have first hand knowledge of the stairs and not a 
generic knowledge 
•Commitment to evacuation and allow for 
inclusive planning and participation in strategy.
Perceived descent capability:20 storeys 50% of population (25 storeys from Exploratory Case Study) Fatigue can predict and confirmed by 
measured distances
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The Individual and others (Group) on the stairs: 
 Over 30% of those entering the stairs do so in groups. This can be clearly 
generalised between the buildings and is common to both the Exploratory case 
study and the 2008-2010 case results. There is a significant percentage of the 
population exposed to the risk of injury when assisting others when they are not 
trained to so. The results of the author’s assisted evacuation study show that 
training is essential when moving the morbidly obese mobility impaired person 
and that the resultant descent speed of 0.5m/s would not have caused a delay in 
the M1-M6 evacuations. This shows that the assisted evacuation case study is a 
valuable triangulation tool.  
 The Focus Groups made the point of others in descent groups obstructing 
the view of the steps which affected safe foot placement and decreased the 
individual’s descent confidence. The same Focus Groups also mentioned that 
they were embarrassed as slow movers to ask others in the descent group to slow 
down. The resultant descent speeds from the Focus Group tests when compared 
with those on the stair descent charts for individuals with similar intrinsic 
characteristics showed that these people would be more susceptible to falling 
(Mademli et al, 2008).  
 Group cohesion was confirmed in Chapter 6 as the predominant group 
dynamic from the Dwyer and Flynn study (2004) and yet opposite behaviour 
could be expected as seen in the NY Times Blog study (Parker-Pope, 2008). This 
aspect is seen as being of interest when triangulated with the high rate of group 
formation (>30%). 
Management and Maintenance: 
 Maintenance was found to be highly significant right through all the 
studies in Chapters 5-7. The results from the Building M2 evacuation show what 
happens when ventilation is absent and conditions become very difficult. 
Illumination is also just as critical as the lack thereof will reduce descent speed 
and confidence. Cleanliness of stair environments can be linked to maintenance. 
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This means that a good maintenance strategy underpins a safe and sound 
evacuation plan. 
 Comparisons between the buildings show that a simple uncontrolled 
evacuation plan is perhaps the most suitable. There are normally more people in 
the stair at any one time (e.g. building M5) and the resultant density and other 
delays due to merging slow the rate of descent down so that people do not have 
to hurry. The risk of falling is reduced. 
 Training and regular drills show up in the results especially when further 
explained by the Focus Groups. It also means that participative and inclusive 
planning can take place and that assisted evacuation is possible without slowing 
others down (author’s assisted evacuation study and confirmed by the Dwyer and 
Flynn study (2004) which is also confirmed by Zmud, 2007). Assisting others 
safely can be included as part of the plan at evacuee level (Zmud, 2007). 
 Overall commitment to evocation safety is essential as confirmed by the 
Focus Groups and a comparison of the M1-M6 trial evacuation results e.g. M5 
vs. M2. 
 
7.7.4 Summary for Findings 
Findings are presented in Chapter 8 and will combine the outcomes from 
the Results and Discussion Chapters 5-7 and the above conclusions in this 
section. 
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Chapter 8: Conclusions and the Future 
 
8.1 Introduction 
 The study described in this PhD Thesis is one concerning the descent 
performance of individuals on multiple flight stairs in high rise office buildings 
in the context of the various intrinsic and extrinsic factors that may impact on or 
define this performance. The subject is complex as shown in the Literature 
Review in Chapter 2. A multiple case study approach was selected designed in 
accordance with the guidelines set down by Yin (2009) and Gray (2009). The 
method was described in full in Chapter 3 and arrived at by peeling away the 
various layers of research onion as described by Saunders (2007). 
 An Exploratory case study involving the reanalysis of a trial evacuation 
study undertaken in 1980 revealed that there was a further need to repeat and 
enhance the previous 1980 study by repeating the exercise in the current decade 
and using additional explanatory studies comprising: 
• The content analysis of the WTC 9/11 incident to explore the origin and 
context of fatigue. 
• The content analysis of community attitudes on fitness and multiple flight 
stair descent. 
• Delphi group study to define the context of multiple stair descent and 
possible ways of measuring or describing it. 
• Three focus group studies where one of the focus groups represented a 
group of “fit”208 office workers and the other two with one of office 
workers who were either unfit with functional limitations and the other 
office workers over the age of 45 years of age. 
 The explanatory studies and the 2008-2010 trial evacuations formed what 
has been described as the 2008-2010 case study, the results of which are 
                                                 
208 Fit as described by Ottevacre et al (2011). 
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presented and discussed in Chapter 7. They were also compared with those 
findings from the Exploratory case study to determine in the main whether or not 
descent capability or performance had decreased over the last thirty years. The 
Explanatory studies helped to explain may of the rival theories that arose during 
the study such as the relationship between fatigue and density (Galea et al, 2011 
and Spearpoint and MacLennan, 2012). 
 This Chapter is used to present the findings from this multiple PhD Case 
Study in the following format: 
• Summary of main findings 
• Delivery of the Aim and Objectives (O1 to O4). 
• Findings derived from causational or triangulated relationships. 
• Other contextual findings which are of moderate or low significance but 
which can still be further explained by triangulation or the Explanatory 
studies. 
• Limitations of the Study 
• The future 
  
 All in all this PhD Case Study has been a challenging one in which 
longitudinal relationships have been established as it has been possible to 
generalise between the Exploratory and 2008-2010 case studies and also rival 
theories that have arisen can be explained by the contextual nature of the overall 
case study. 
8.2 Summary 
 A seminal engineering science paper written by Pauls, Fruit and Zupan, 
(2007) stated unequivocally that because the population was ageing and 
decreasing their amount of physical activity their level of obesity and related 
functional limitations was increasing, thereby decreasing their ability to descend 
stairs as part of the required training programmes in high rise office buildings. 
The decrease in fitness and the associated metabolic problems was also backed 
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up by a seminal health science review of the impact of the decrease in physical 
activity by Booth et al (2002). The PhD case study supports these assertions via a 
contextual study which clearly shows the impact of functional limitations and 
distance traversed on descent capability or performance. The descent capability 
of 50% of the population in the 1980’s was some 25 storeys or approximately 
250m as compared with 20 storeys or approximately 200m in 2010. This is a 
decrease of some 20%.  
 The results also confirm an increase in the risk of falling as a function of 
distance traversed which correlates with fatigue. Generalising between the 
Exploratory and 2008-2010 case studies (Yin, 2009) the increase in the risk of 
falling can also be attributed to the claims made by Pauls, Fruin and Zupan 
(2007). Lord et al (2006) confirm that as people tire they are more prone to 
falling. Madelmi et al (2008) also attribute falling to hurrying. This was 
supported by triangulation between the distance traversed and the descent 
capability available from the 2008-2010 trial evacuation data and explanations 
from the focus group responses and tests. It was a simple matter that a group 
member is usually too embarrassed to ask the other members in their group to 
slow down when descending the stairs. They hurry to keep up, tire more easily, 
and their level of stress increases which is attributed to a lack of confidence or 
fear of falling. The risk also increases because the other members of the group 
may obstruct a clear view of the steps which adds to the chance that the 
individual may lose their footing and fall. This is of concern when the rate of 
group formation generalised across buildings M1-M6 is greater than 30% which 
is more than the findings of Boyce et al (2011). 
 The impact of the group on the individual with functional limitations or 
perhaps an anxiety disorder209 that can manifest itself as vertigo (NCBI, 2012) 
                                                 
209 Known as agoraphobia (NCBI, 2012) and also confirmed as contributing to the falls in 
Building 4 of the Exploratory case study and in M6 in the 2008-2010 case study. Also stated as a 
fear in the 1977 Canadian Study by Beck (1977) in Chapter 5. 
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can be mitigated by the evacuation strategy. In the case of an uncontrolled 
evacuation where everyone leaves at the same time the density or number of 
people in the stairs is such that the descent speed is reduced. There are also an 
increased number of delays which means that the evacuees have more time to 
rest and also go down the stairs at a more comfortable speed. Fatigue here may 
not be an issue which shows up in the pattern across the triangulated results of 
M1-M6 in Chapter 7. M5 showed a reduced frequency of fatigue which 
triangulated with an increased density and reduced descent speed (see also stair 
descent chart in Appendix A7.6). This example of a result solves one of the rival 
theories where distance may not result in fatigue as shown by Galea et al (2011) 
as it is masked by density (Spearpoint and MacLennan, 2012). 
 This introduction to the findings shows the value of the contextual study 
of individual stair descent capability or performance in high rise building office 
buildings. Both Gray (2009) and Yin (2009) support the use of the case study 
method when the context surrounding the performance of an individual is 
required to explain that performance (individual is the “unit of analysis). The 
selection of the case study as the research method in Chapter 3 therefore assisted 
greatly in delivering the aim of the PhD Case Study being: 
 . “To study the performance of mature age office workers descending 
multiple flights of stairs in trial evacuations of high rise office buildings in the 
context of extrinsic and intrinsic factors 
8.3 Was the Aim Delivered? 
 Section 8.2 provides examples of the Aim being delivered especially in 
terms of the longitudinal change in the estimation of descent performance and 
capability justifying in part the claims made by Pauls, Fruin and Zupan (2007). 
The one surprising finding is that over the six buildings studied in the 2008-2010 
case study, age was found not to be a predictor of performance210. This finding 
                                                 
210 No significant correlation relationships were found either as shown in the Correlation matrix 
in Chapter 7. 
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can be generalised (Yin, 2009) as it follows a similar pattern (Hak and Dul, 
2009). The author had a similar preliminary finding on a study of older people 
climbing outdoor steps211 where the number of falls increased amongst the 
younger age groups i.e. < 75 years. In this instance the older age group actually 
comprised people who were fitter than their younger counterparts. This does not 
hold true for older people and indoor falls211. The above finding contradicts the 
findings of Al-Abdulwahab (1999). A small cross sectional study of office 
workers in Europe shows that regardless of the individual’s occupation 
sedentarism212 during leisure time is high. The same study shows that 
sedentarism and therefore obesity increases with age. The differences can most 
likely be attributed to contextual factors. The explanatory focus group studies 
reveal further information. The Benchmark (fit) group descended at a speed of 
between 0.6m/sec to 1.2m/sec whereas the other two groups travelled at a 
reduced speed of between 0.28m/sec to 0.36m/sec. The cause of the reduction 
had more to do with an increase in functional limitations. The conclusion that 
could be drawn is that age is not a direct predictor of descent performance but is 
rather associated with an increase in functional limitations or increased physical 
inactivity (Booth et al, 2002).  
 The aim did nominate that the “critical” contextual factors would be 
determined. The significant factors are listed under each one of the Core 
Consistencies in Chapter 7. The relationship of each one of the factors to an 
occupant’s estimated descent capability varies in significance from moderately to 
highly significant so that the pattern of the impact varies. The resultant patterns 
from correlation matrices are of interest. Most of these relationships are not 
causational except for the global survey response of “too many flights”. This 
measure correlates highly213 with distance travelled which is provided by the 
                                                 
211 MacLennan et al (2011a) 
212 i.e. where a person’s level of energy expenditure is less than 4 METS. 
213 R=>0.6 and p<.001 
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response concerning the floor they commenced the evacuation from (buildings 
M1-M6) so that the relationship can be generalised. Fatigue also showed the 
same relationship for M1-M6 (p<.001): 
? Pain/ arthritis in knees and lower leg 
? Dyspnoea/ asthma 
? Chest discomfort 
? Dizziness/ vertigo/ balance 
  
 Fitness / BMI only correlated significantly when the data was aggregated 
for M1-M4 and M5-M6. It is also well known that an increased exercise regime 
for mature age people can offset fatigue to a certain extent214 so that activity, 
fitness and fatigue are related.  
 Chapter 7 also shows up the significant extrinsic factors related to the 
“STAIRS” as being descent risk and visibility/ support. These groupings are 
supported by agreement between analysed survey and measured data especially 
in terms of the most significant being narrow treads215, stair pitch216 and 
distance217. The cause of any fall is due to any number of contributing factors 
comprising a scenario. One of the M2 fall scenarios is used as an example that 
explains the value of contextual research. The treads were 300mm wide but there 
                                                 
214 Holloszy et al (1995) where the benefit of strength training is discussed as a fall risk reduction 
tool for the mature to old person. 
215 Foot size comparisons are shown for M1-M6 where the degree of overhang for sizes greater 
than the mean exceeded the tread measurement – Chapter 7 
 
216 Johnson and Pauls (2011) discuss impact of pitch. An equation was derived in Chapter 7 for 
tread widths of ≥ 250mm. The level of risk is generally less than .012 and increases rapidly when 
widths are < 250mm as is the case with M3. 
217 Peacock et al (2009) show that as distance increases descent speed decreases. Ayis et al (2007) 
confirm that descent speed is directly linked to functional limitations.  
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was no step definition. The traversal distance was some 34 storeys. The 
individual had reduced vision. He complained of fatigue and pain in his lower 
limbs. It was almost as if his legs could no longer support him at the lower levels 
and this was echoed by the Focus Groups in Chapter 6. Failure to detect the 
position of the intermediate landing caused the individual to slip or misstep and 
fall. This scenario is enhanced by survey responses from M2 showing that over 
40% of the occupants thought that the stairs were too steep. Falls can be 
attributed directly to fatigue and loss of focus (Lord et al, 2006). The loss of 
stability control in forward falls is described in many studies as summarised by 
Mademli et al, (2008) is directly related to distance and fatigue but takes into 
account other extrinsic factors. If the branches of the Group and Management are 
taken into account then the M2 scenario is further complicated by a fast moving 
group and a sequential evacuation strategy. The individual in the fall was unfit, 
obese, and descended at an uncomfortable speed to keep pace with the group. 
There were only a few others in the stair so that density did not slow down the 
group. All these factors taken together contributed to the fall. The loss of stability 
in the second fall was triggered by hypertension and the excessive heat 
conditions and exacerbated by fatigue/ distance. The third fall was in M6 
triggered by an anxiety disorder218. The individual fell and then would not move. 
Although the anxiety disorder was always present the distance, fatigue and other 
extrinsic conditions (especially the continuous downward spiral and the locked 
entry doors) exacerbated it. This fall replicates an identical scenario in Building 4 
analysed in the Exploratory Case Study. Overall then the most significant of all 
the contextual factors as discussed in Chapter 7other than fatigue for the 
aggregated data (M1-M4 and M5-M6) are descent risk / stair comfort and fitness. 
Management and Group impact in various ways as per the fall examples for M2 
and M6, so that the finding that ≤ 50% of the population do not estimate that they 
                                                 
218 Agoraphobia is the disorder and presents to others in the form of vertigo and/or dizziness 
(NCBI, 2012) and Canadian Content Analysis (Beck, 1977) in Chapter 6. 
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can cope with than 20 storeys is an expected outcome that corresponds with a 
generalisation across M1-M6. The latter also relates well to the 25 storey limit 
for the 1980’s for a similar range of office buildings determined in Chapter 5. 
8.4 What are the significant findings? 
8.4.1 The meaning of significant 
 The meaning of significant in this PhD Case Study is where highly to 
moderately significant relationship established in the analysis of survey data 
triangulates with observed and/or measured data. The quantitative analysis did 
not paint the total picture so that relationships established by regression and 
correlation were quite often found to be only moderately significant. Because the 
pluralist research approach was adopted it was possible to comment on the level 
of significance utilising output from the Focus Groups and Content Analysis 
Studies. This applies especially to the following: 
 
? Fuller Figure and Mature Age Focus Group comments relating to 
increased risk of falling with fast descent speed when the individual 
member concerned was too embarrassed to ask others to slow down and 
there were no places to rest (narrow stairs). 
? Evacuation strategy possibly determining delays, density and group 
distribution on stairs that could slow the descent speed. 
? Evacuation training increasing the familiarity of individual occupants 
with the specific stairs. 
 
The above was used to demonstrate the increase in the risk of falling as a 
function of actual descent speed, an approach supported by other health science 
studies219. This demonstration is therefore made possible by the selection of the 
research method. A finding is also said to be only significant if it can be 
                                                 
219 Ayis et al, (2007) 
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generalised across all the buildings or in the instance of the aggregation of data 
comparison with the dataset analysed in the Exploratory Case Study (1980’s 
data).  
 
Figure 8-1: Example of how factors combine to increase risk of falling and decrease 
occupant estimated and actual performance220. 
 The meaning of significant221 is demonstrated by applying significant 
causational findings (fatigue and distance) within a context of significant factors 
to assist with the interpretation of a scenario as per Figure 8-1 above. The 
findings are therefore presented in order of significance as follows: 
? Achievement of Objectives (Aim and Research Questions are addressed 
in Section 8.3). 
                                                 
220 How a “cause and effect” or Ishikawa Chart (Portwood and Riesing, 2007) show that the 
factors listed on the “fins” interact on the spine influencing or directly causing the increase in 
falling risk on the spine. This type of approach is used by health and safety experts in incident 
analysis.   
221 Not just a “p” value 
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? “Spinal” findings (i.e. those with causational relationships that impact on 
actual or estimated descent capability – “spine” is highlighted in blue in 
Figure 8-1). 
? Highly significant correlational findings 
? Reasonably significant correlational findings 
? Moderately significant correlational findings. 
8.4.2 Achievement of Objectives 
 There are a total of four objectives. This section comprises the responses 
to each one.  
 
Objective O-1 
Establish which are the main extrinsic factors or core consistency in terms of 
their “measured” impact on an individual’s performance. 
 The main extrinsic factors that can predict an individual’s estimated 
descent capability are: 
? Distance by pattern matching of frequencies with the same trend 
measured and triangulated in the Exploratory and 2008-2010 Case 
Studies. Falls occurred where distance exceeded 20 storeys222. 
? Descent Risk / Stair Comfort223 (“downward spiral”) being groupings 
created by Factor Analysis from survey responses and measured data and 
confirmed via triangulation and Focus Group consensus. 
? Group dynamics and evacuation strategy resulting in free flow/ velocity. 
Groups could descend at speeds of ≥ 0.5m/s (0.6m/s-1.2m/s range for fit 
benchmark focus group). Individuals who were unfit and/or had more 
than one health condition would have been uncomfortable at this speed 
and yet too embarrassed to ask the group to slow down224. This finding 
was triangulated via a comparison between individual focus group 
                                                 
222 Established via regression analysis for ≤ 50% of the population and generalisation across M1-
M6 
223 Note that equation derived from Johnson and Pauls (2011) in Chapter 7. 
224 Confirmed by Fuller Figure and Mature Age Focus Group consensus in Chapter 6. 
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members225 so that risk of falling could be established and compared with 
stair comfort results. High level of significance (correlational) was 
achieved (p<.001) in Chapter 7. 
? Stair width in terms of need for rest that agrees with recommendations of 
Pauls, Fruin and Zupan (2007). 
 
Objective O-2 
Explore the impact of the intrinsic factors associated with an individual’s 
performance in terms of the ones that are significant. 
 Fatigue is shown in Factor Analysis in Chapter 7 as having a cut-off 
value in the major principal component226 >0.9 (p<.001). Its correlational 
relationship with the other functional limitations is highly significant across all 
the buildings (R>0.3 and p<.001). It is potentially synonymous with the global 
perceptual distance impact measure of “too many flights” which can also be 
generalised across all the buildings which shows a causal relationship with 
estimated descent capability for 79.2% of all cases. The level of significance is 
only moderate but triangulation with actual distance descended and other 
intrinsic conditions should result in a higher level.  
 Obesity and level of fitness227 also show a correlational relationship with 
estimated descent capability of R=0.56 for M1-M4 and 0.35 both of which were 
only moderately significant (p<.05).  
 Fear of crowds and fear of falling also show a correlational relationship 
with the number of health conditions which is highly significant (p<.001).  
 The individual health conditions that correlate at a high level of 
significance228 and can be generalised are: 
                                                 
225 i.e. Fuller Figure and Mature Age Focus Group 
226 Eigenvalue of 7.8 
227 Level of fitness- M1-M4 computed variable comprising obesity linked with number of health 
conditions e.g. Hypertension, Type 2 Diabetes. M5-M6 via IPAQ measure.  
228 R>0.25 and p<.001 across M1-M6  
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• Sore knees and lower legs with postural stability (p<.001) 
• Postural stability and fatigue (p<.001) 
• Out of breath and fatigue (p<.001) 
• Chest discomfort and fatigue (p<.001) 
• Estimated distance traversed correlates significantly with pain in the 
lower limbs, fatigue and breathlessness (p<.001) 
 The above reflects the findings of Bergland et al (2008) except that 
these findings are from a “real world” study. A causal relationship was 
established between falls history (reported falls) and the above that was 
moderately significant (p<.05) and R2 = 0.3 to support the grouping of the 
individual health conditions into a single variable.  
 Reduced vision and depth perception was not shown to be significant 
but did contribute to a fall in M2 as well as being strongly supported by the 
Fuller Figure and Mature Age Focus Groups. 
 All of these factors affect an individual’s confidence and ability to 
safely use the stairs without placing some pressure on the other members of 
the Group and establishes the need for increased inclusive participation in 
evacuation planning, training and practice.  
Objective O-3 
Establish the extent to which groups are formed, the location of this formation, 
the structure and likely size, expected behaviour in terms of assistance 
available, possible risk associated with this assistance and the individual 
member’s estimated threats. This extent is to include any outlier incidents of 
falling or situations where an individual cannot proceed any further down the 
stairs 
  
 The rate of group formation is a valid measure within itself because the 
pattern (Hak and Dul, 2009) was consistent across all the buildings where the 
 489
rate of group formation can generalised as being greater than 30%. This differs 
from other studies such as Boyce at al (2011) which set the rate at approximately 
14%. The rate of group formation is also confirmed longitudinally from the 
Exploratory case study. The focus group comments from the Explanatory study 
do provide further support in terms of group dynamics as follows: 
 
• Estimated pressure from group members on those members of the 
group who could not go down the stairs at the same speed to do so 
thereby increasing the risk of falling due to dizziness or fatigue. 
• Pressure on Group members to physically look after those members 
who fell or were unable to negotiate the stairs because of lack of 
fitness or other health condition. 
There is a pattern in the frequency of group formation in terms of 
where the relationships were formed (>60% on the floor) and where they met 
(>30% at the entry to the stairs). The mean taken across M1-M6 and 3 and 7 is 
60% met at the stair and 60% formed the relationships in their workplace. The 
degree of group formation may be defined by the layout of the working areas 
or more likely the management strategy as confirmed in the two Content 
Analysis Studies in Chapter 6.  
 There are no significant findings from the survey but observation of 
video files indicated a range of group sizes from 3 – 6. This is also based on 
feedback from the observers. No other information is available as to structure 
(see triangulation schedules in Appendix A7-6). 
 The content analysis studies confirm the findings of Fahy and Proulx 
(2005) in terms of the predominance of altruistic behaviour as shown in 
Chapter 6. There was, however, some indication of the opposite especially 
involving the intolerance of delays caused by slow movers. This attitude, 
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although not dominant was also partly reflected in the WTC 9/11 incident 
analysis and in other sociology research229.  
 The dominance of altruistic behaviour can result in members of 
following groups offering assistance in event of a fall or similar in the primary 
group. They may not be trained to do so as was the group who assisted a 
mobility impaired woman to evacuate in an evacuation chair230. An author 
based study outlined in Chapter 6 extending the work of Adams and Galea 
(2010) showed the following re the number of people required to assist 
morbidly obese individuals. This could require more individuals than those 
who were group members. The descent speed could slow to 0.2m/s causing 
severe delays for following groups. The stairs would not have been wide 
enough for people to pass. Solutions where a group is trained to assist can 
overcome this problem. The author showed that an individual using an 
appropriate device and expert assistance could safely ascend a stair with a 
38.50 at an adjusted speed of 0.5m/s which would not have created any real 
problems in the M1-M6 evacuations231. 
 There is also a significant finding from the Fuller Figure and Mature 
Age Focus Groups re the risk to others posed by those who are unfamiliar 
with the stairs and with procedures. There was a reasonably significant 
correlational relationship between warden instructions and the use of a 
designated stair (R=0.3 and p<.01) for M1-M6 so that the focus group 
comments can be generalised.  
 A further risk posed by groups is: 
? Obstruction of view of steps 
                                                 
229 Puhl and Brownell (2001) and Puhl and Latner (2009) 
230 Determined from WTC 9/11 Content Analysis and Zmud (2007) 
231 See Chapter 7 Triangulation Tables  
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? Interference with the individual’s focus due to the level of 
communication within the group or using mobile phones232 
 Descent speed analysis of groups show that in many instances 
individuals may be obliged to descend at an uncomfortable speed as reported 
in Chapter 7 which increases their risk of falling. This is also confirmed by the 
Fuller Figure and Mature Age Focus Groups in Chapter 6.  
Objective O-4 
Establish whether or not the performance of office workers in descending 
multiple flights of stairs can be measured as a function of a maximum number 
of storeys that can safely descend without a rest in the context of the relevant 
extrinsic and intrinsic factors. This level of measured performance is seen as 
their functional ability. 
 An inclusively based measure of estimated descent ability has been 
created that provides a highly significant causal relationship between the 
accumulated percentage of a population and their estimated descent capability. 
This was developed using a combination of pattern matching and comparison of 
means results. It is highly significant for the relationship: 
 
  Y (accumulated percentage population) = -0.017x2+2.7449x – 3.7391 (where x 
is the number of storeys the individual can cope with. 
 
The adjusted R2 is 0.9 with p<.001. This relationship has also been justified in 
the longitudinal study between the Exploratory Case Study and the 2008-2010 
Case Study in that ≤ 50% population estimate that they can descend a 
maximum of 20 storeys without a rest.  
 
 An occupant’s mean estimated descent capability is shown as a direct 
function of their actual descent ability (“too many flights”/ floor of origin) where 
                                                 
232 Supported also by an experimental study concerning use of cellular phones by Kuzel et al 
(2008) and a real world case study of group communication on outdoor steps by MacLennan et al 
(2011a). 
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the R2=.792 and p<.05. When the comment too many flights correlates highly 
with floor of origin (p<.001) and also with all the health conditions that have 
been reduced to a single variable in Chapter 7 factor analysis at the same level 
then this objective is satisfied. These also correlate at the same level with 
“descent risk” and “visibility and support” for 100% of the buildings in the 
correlation matrix in Table 7-8 and 7-9. When this is further explained by the 
comments of the focus groups on the impact of ‘spiralling action and distance”, 
fear of falling and the fear of crowds, then the impact of distance on performance 
is even more significant.  
 Figure 8.1 is the example of a simplified RCA233 that could be used in 
conjunction with the development of an inclusively based personal emergency 
evacuation plan that explored the safe use of the stairs or other system that could 
involve the following on a joint basis: 
 
? Determine all the intrinsic characteristics via a survey instrument similar 
to that used for the focus groups. 
? Conduct a stair descent test to establish a comfortable descent speed and 
also to provide additional information to finish the survey. If a stair 
descent test cannot be used then a walking test as used for the Fuller 
Figure and Mature Age Focus Groups and convert the walking speed to a 
descent speed using Riener et al (2002) and Fujiyama and Tyler (2010).  
? Assess the stairs and establish level of descent risk using Chapter 7 data 
together with the level of ventilation and illumination that steps are 
clearly visible and so as not exacerbate the onset of dyspnoea. 
? Assess stair descent capability via level of fitness from IPAQ (short form) 
combined with number of self designated functional limitations. Jointly 
determine the percentile of population within the intrinsic characteristics 
would fit and from there the individual’s estimated descent capability.  
                                                 
233 RCA is Root Cause Analysis 
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? The individual should therefore determine their fall risk compared with 
the level on which they will work and the amount of rest spots available. 
  
This RCA tool can be used following the same principles as outlined by 
Matheson (2003) where an occupant and the OH&S team jointly evaluate the 
occupant’s functional capacity for the various occupational tasks of which trial 
evacuation is one.   
 The section of 7.7 in Chapter 7 also highlights the increased risk of 
falling that was determined via triangulation of the focus group descent speeds 
with those observed on the stairs in buildings M1-M6 using the impact of 
“hurrying” caused by a group dynamic and the increased risk of falling. This also 
underpins the importance of fatigue as follows: 
Triangulation therefore confirms that fatigue relates directly to distance 
(estimated and measured) and is the most critical intrinsic factor underpinning 
an occupant’s estimate of their descent capability. Chapter 7 shows elsewhere 
that falling risk is also linked indirectly with fatigue so that it also underpins 
estimated descent capability.   
8.4.3 Additional “Spinal” or Causational Findings 
  
Stair Comfort is synonymous with descent risk. As stated in the previous section 
stair comfort is synonymous with descent risk and confidence. This is further 
supported by the following: 
? Principal component 2 of the factor analysis as shown in Chapter 7 show 
that visibility is significant referring and that the handrail “supports” the 
finding of the steps which includes legibility and foot placement. The cut 
off values are > 0.9. There are only two principal components and these 
cover 83 percent of the variance. 
? Visibility and support would have been a similar principal component if 
the Exploratory Case Study data could have been linked to each 
respondent. Chapter 7 shows that the pattern has been consistent over the 
last 30 years. 
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The causational relationship is small but highly significant (p<.001) and as 
before is based on data aggregation being R=.59 (M1-M4) and R=.285 (M5-M6). 
The significance of the relationship increases being supported by triangulation 
with the measured data. The Focus Group comments also support it. 
The percentage of population classified as obese with more than two health 
conditions that were at risk of falling were triangulated with observed descent 
speeds and subjected to a regression analysis. The resultants R2 all exceeded 0.2 
and were moderately significant. This improved as originally described with the 
aggregation of the data so that there was a pattern across M1-M6. The 
percentages of the population at risk were very small varying from 2-8%.  Finally 
obesity as measure of fitness is as follows: 
 
? NZ varying from 3.4% to 7.4%. 
? UK at 14.7%. 
? UAE at 15.65%. 
? Australia at 9.9%. 
8.4.4 Highly significant correlational relationships 
The Individual 
 The “Individual” core consistency filtering schedule in Chapter 7shows a 
highly significant relationship between fatigue and the variable “too many 
flights” across 100% of all the buildings. This shows up a reliable internal 
construct especially when “too many flights” has a causal relationship with 
actual distance descended234 that is reasonably significant. Fatigue also correlated 
at a high level of significance with the number of functional limitations. The 
latter included arthritis, other lower limb pain, asthma, and chest discomfort.  
 
                                                 
234 Form of triangulation where the respondent nominated the level on which they entered the 
stairs which was then converted into an actual distance in metres. 
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 There were two factors that were not shown to be highly significant via 
quantitative analysis but are seen to be highly significant from actual real world 
testing. The first factor is loss in stair descent confidence and speed due to 
inappropriate footwear. This is based on observations of one of the members of 
the Sydney BMI Benchmark Focus Group during a 32 storey descent test. The 
person was fit235 although she did suffer from asthma to a certain degree. 
Evidence gathered from her sound-file236. The other is seen as being the impact 
on stair confidence by the variable, “ratio of tread width to shoe length”. When 
the entire 2008-2010 case study data set is aggregated there is a highly 
significant and yet weak correlational relationship between the two. This is 
confirmed in the Exploratory Case Study (Chapter 5) by pattern matching 
between the two. Members of the Fuller Figure and Mature Age Focus Groups 
confirmed the Exploratory Case Study finding. It is the author’s opinion that this 
factor is still significant even if it is based on an aggregated data set because of 
the support for longitudinal generalisation between the Exploratory Case Study 
output and the Focus Group comments. Wright and Roys (2008) further support 
this finding in relating tread width to falling. An additional analysis shows that 
there is a moderately causal relationship between the constructed “risk of falling” 
and the ratio of tread width to shoe length237. 
 Other highly significant causational relationships for the Individual are 
described in previous sections. 
 
The Group 
 The rate of group formation cannot be shown to be highly significant 
from the survey responses from the Exploratory and 2008-2010 Case Studies 
                                                 
235 According to the IPAQ measure (Sjostrom et al, 2005) 
236 Electronic file from cassette tape recording 
237 Risk of falling extrapolated from Johnston and Pauls (2011) and regressed against ratio of foot 
length to tread width for the aggregated 2008-2010 dataset.  
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following similar patterns. Conservatively > 30% of all cases showed that groups 
were formed prior to entering the stairs. This finding can be generalised across 
all buildings regardless of evacuation strategy238. The frequency was also 
confirmed for M1-M6 from analysis of video data in Chapter 7. 
 Descent speeds were analysed in Chapter 7 against those respondents 
who reported that they were obese and had a number of health conditions. The 
percentage who were obese and had more than two health conditions was 
extremely small (<6%) and speeds for many of these respondents exceeded those 
of the tests carried out members of the Fuller Figure and Mature Age Focus 
Groups,  
 The impact of group dynamics cannot be shown from the quantitative 
analysis of the survey in the 2008-2010 Case Study. The Fuller Figure and 
Mature Age Focus Groups clearly illustrate the extent of group dynamics 
supported by the outcome of the NY Times Blog Content Analysis where group 
members who were unfit and had a number of functional limitations (e.g. arthritis 
and hypertension) had an increased fear of falling when under pressure to move 
at the speed of the group. This pressure was not exerted by the group but was 
because the individual concerned was too embarrassed. Fear of falling and fear 
of crowds has a highly significant (p<.001) relationship with the number of 
health conditions which was the situation with the Focus Group members who 
provided the opinion. The author refers to the work of Mademli et al (2008) as 
the triangulation schedules in Chapter 7 and Appendix A7.6 show no significant 
correlations between descent speed and fear of falling. There is however a 
distinct relationship showing up from the Fuller Figure and Mature Age Focus 
Group walking tests. The resultant speeds are some 24% less than 0.5m/s 
exemplified by the comparison of BMI Bench Mark Focus Group results with 
other similar studies in Chapter 6. This therefore increases the risk of falling 
                                                 
238 Chapter 7 shows the overall analysis but Appendix A7.6 may also be consulted for more 
detail. 
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because of the triangulation between their reported opinion and their measured 
descent speeds239. Where other descent speeds fall within the range recorded by 
the Focus Groups there is a distinct pattern shown on the descent charts and 
survey responses that the overall descent is slower due to delays, the width of the 
stairs or the density. This is supported indirectly by Galea et al (2008) where 
density masks fatigue and hence decreases the risk of falling because of the 
slower descent speed. The author also argues that the study carried out by Shields 
et al (2009) shows that the accounts of the descent ability of a number of 
individuals with self designated functional limitations may be influenced by 
density or their “comfortable” descent speed experience coupled with the number 
of rests they may have taken. M5 shows a reduced rate of fatigue due to the 
increased estimated and actual density. The reduced rate also pattern matches 
with the mean level of fitness in the building as compared with M6. 
 There is a highly significant correlation between the fear of crowds and 
falling which support an additional Focus Group comment concerning the 
obstruction of an individual’s view of each step. This related especially those 
members who had reduced vision and/or depth perception.  
 
The Stairs 
 This has already been discussed. 
 
Management and Maintenance 
There are highly significant relationships between the evacuation strategy and the 
resultant descent speeds that are shown via triangulation in Chapter 7. The author 
is of the opinion that uncontrolled (one out – all out) strategy is safer for all than 
                                                 
239 See also Madelmi et al (2008). 
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the sequential strategy because of the apparent reduction in travel speeds due to 
increased delays, width of stairs and delays240.  
8.4.5 Reasonably significant correlational relationships 
The Individual 
 The following correlational relationships are reasonably significant 
(p<.01) across most of the buildings (M1-M6): 
? BMI and pain in lower limbs 
? Reduced vision and fear of falling from Focus Group comments. 
? Number of health conditions and too many flights 
? Level of fitness and fear of crowds241 
? Mets (BMI/No. health conditions) with dizziness, pain in lower limbs and 
dyspnoea. 
? The percentage occurrence of health conditions follows a distinct pattern 
across all M1-M6 buildings so that a generalisation can be made that 
19.6% of the occupants will have one or more health condition and that a 
minimum of 11.7% are obese. 
 
The Group 
 Groups following warden’s instructions and using the designated stairs 
correlated with a reasonable level of significance. When this finding is combined 
with the outcome of the WTC9/11 Incident Content Analysis the finding could 
be extended to include the level of influence of management over group 
formation. This needs to be tempered with the consensus reached by the Focus 
Groups in Chapter 6 and a parallel study carried out by MacLennan et al (2011a) 
where lack of group focus on the descent task produced by such activities as 
                                                 
240 As a result of pattern matching between stair descent chart information, triangulation 
schedules of travel speeds with those occupants who were and were not at risk of falling 
241 Fear of crowds also correlates at a highly significant level with fear of falling 
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talking on a mobile phone242 or unrelated communication between members can 
annoy other groups as well as slowing the rate of descent. Group knowledge i.e. 
knowing what to do is also shown to be significant through pattern matching 
across M1-M6 in the 2008 -2010 Case Study. 
 Perception of group members of the number of others in the stairs and the 
impact on descent speed shows a correlational relationship that is reasonably 
significant because of its pattern of triangulation with density measurements 
shown in Chapter 7 and Appendix A7.6. 
 
The Stairs 
 The height of a building does have a reasonable impact on the distribution 
of entry levels and therefore the mean distance descended in Buildings 3, 7 and 
M1-M6 as it forms a pattern related directly to the height as a function of the 
distribution of the occupants. 
 The impact of actual descent distance has a reasonably significant causal 
relationship with the too many flights. This in turn relates reasonably 
significantly with fatigue. 
 There is a reasonably significant pattern of frequencies for handrail use 
supported via triangulation and also Focus Group comments that show an 
increase in confidence with holding on to the handrails243 
 
Management and Maintenance 
 Cleanliness was found to be highly significant in the Exploratory Case 
Study but was only commented on by the Focus Groups to a minor extent in the 
2008-2010 Case Study. It would appear that a longitudinal generalisation could 
                                                 
242 Kuzel et al, (2008) 
243 Also supported by Reeves et al (2008a) 
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be made that the relationship would be reasonably significant as at the date of 
this Thesis. 
 Cleanliness also relates to no obstructions being present, smooth 
handrails and clean and non-slip surfaces. General maintenance also follows the 
same trend so that cleanliness is described as being maintenance of the stairs 
themselves in as good a condition as when they were constructed. 
8.4.6 Moderately significant and other qualitative relationships 
The Individual 
 It is interesting to note that there is only as very weak and moderately 
significant relationship (p<.05) between the number of falls experienced by an 
individual and their fear of falling. It is more likely that a person with an anxiety 
condition who has experienced a fall would simultaneously return a common 
response between the two. There is a moderately significant relationship between 
obesity and fear of falling based on aggregated data.  
 The author challenges this relationship based on the following: 
? The characteristics of the two individuals who fell during the trial 
evacuation in M2. 
? The author’s case study during the Christchurch Earthquake where a 
combination of fear of falling and pain in the lower limbs caused him to 
slow his rate of descent thereby holding up all the others behind him and 
“clutching” on to the handrails. See also “Stairs” in this section 
concerning a dichotomous requirement. 
 
Other findings considered to be moderately significant are: 
 
? Observations gathered from the descent chart schedules show that there 
were cases in every one of the buildings except M1 of overtaking and 
apparent aggressive behaviour. The person being overtaken was most 
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likely a slow mover due to inappropriate footwear (e.g. scandals, high 
heels and “flip-flops”) or functional limitations/ fatigue.  
? The extent of overtaking in M2-M6 suggests that wider stairs would be 
appropriate and that rate of overtaking would have increased. This can be 
supported by the range of descent speeds in Table 6-20 of between 0.6m/s 
and 1.2m/s which translates into 4 storeys per minute to 8 storeys per 
minute. From an anthropometric analysis based on “uniscan” data carried 
out by MacLennan et al (2008) and further corroborated by Montgomery 
and He (2011) stair widths should be increased above the current 
minimum of 1000mm to 1500mm to facilitate overtaking and resting.  
? A small percentage of slow movers (>2%) held up people behind 
although this did not register significantly in survey responses. 
? Examples in M5 and M6 of Individuals resting although stairs were only 
1000mm wide. Once again wider stairs would provide space on the 
intermediate and main landings for resting. 
?  BMI and balance for 50% of the buildings improving to reasonably 
significant when the data is aggregated. There is still sufficient support in 
the literature244 and from the Fuller Figure and the Mature Age Focus 
Groups for this relationship to be reasonably significant.  
 
Group 
 Group formation has only been shown to be significant by pattern 
matching across frequencies of M1-M6 and longitudinal comparison with 
Buildings 3 and 7 from the Exploratory Case Study. Altruistic behaviour featured 
in the 1980’s245 but this appears to have changed slightly over the last three 
decades as evidenced in the NY Times Blog246 Content Analysis in Chapter 6 
                                                 
244 Corbeil et al (2001) 
245 Chapter 5 
246 Parker-Pope (2007) 
 502
where 18% of the Group Core Consistency dealt with “aggressive” behaviour. 
The extent of overtaking is significant as previously mentioned so that Group 
permeability247 may have changed. Primary Groups may now be prepared to let 
others from affiliative groups penetrate their boundaries. “Aggressive” behaviour 
need not be taken all as negative. The Content Analysis of the WTC9/11 survivor 
accounts (Dwyer and Flynn, 2004) shows the example248 of an “over-taker” 
stopping to help an obese woman in pain descend the stairs until clear of the 
building. There are a few instances of this in the M3-M6 trial evacuations. 
 Group cohesion is still the most significant as exemplified by the 
evidence of altruistic behaviour in the Content Analysis Studies in Chapter 6, the 
rate of group formation and the literature249. 
The Stairs 
 The Focus Groups in Chapter 6 mentioned the problem associated with 
the width of the stairs for the purposes of overtaking and resting. Observation of 
the stair descent chart schedules in Chapter 7 and Appendix A7.6 shows the 
extent of overtaking being common to all buildings supports this. The stairs at 
present are only 1000mm in clear width between handrails. Anthropometric 
analysis carried out by the author250 in association with the 2008-2010 Case 
Study show that overtaking would be possible with stairs with clear widths of 
between 1200 – 1500mm. These widths would require two handrails which is 
now the predominant requirement in most countries. There is a dichotomy of 
requirements here which was raised by the author in an international workshop 
on stair safety (MacLennan and Ormerod, 2011). The Christchurch Earthquake 
Case Study involving the author’s evacuation of an office building on February 
                                                 
247 Knowles et al (1976) 
248 Chapter 6 
249 Fahy and Proulx (2005) 
250 MacLennan et al (2008) 
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22nd 2011 at 12.51pm shows that if the stairs in this instance had been 1500mm 
wide then access to the second handrail would have been difficult. The author’s 
descent speed would have slowed significantly and his risk of falling increased as 
well. 
Management and Maintenance 
 The only remaining finding of that is moderately significant in terms of 
the strength of the relationship is one associated with risk management. The risk 
of falling has been determined as a percentage of the occupants in buildings M1-
M6 as follows: 
 
? M1 – 6% at risk. 
? M2 – 13% at risk. 
? M3 – 14.7% at risk. 
? M4 – 3.4% at risk. 
? M5 – 7.4% at risk. 
? M6 – 9.9% at risk. 
 
 These percentages were determined as described in Chapter 7 as 
explained by the causational links shown in Figure 8-1 and show a causal 
relationship251 with distance of R2=0.52 and is moderately significant (p<.05). 
The surfaces of all the stairs involved is hard or lacks the ability to absorb impact 
energy. The risk of associated injury is quite high although the percentage of 
population at risk of falling is quite small.  
 The risk management policy could concentrate on the seriousness of the 
outcome rather than the likelihood of occurrence. The importance of OH&S 
legislative requirements is summarised in Chapter 2 and shows that a 
preventative approach is one to follow given the contribution of the extrinsic 
                                                 
251 Equation of y (percentage of population at risk) = 0.3039x +2.1276 where x = no of storeys 
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factors to falls. Management for the greatest cost effective return should 
therefore be committed to: 
? Minimisation of descent risk and the provision of visibility and 
supportive conditions associated with the stairs. 
? Provision of a clean and well maintained environment. 
? An uncontrolled evacuation strategy so as to control descent speed. 
? Knowledge of the stairs as well as procedure via a sound training and 
practice programme. 
 
 The above requirement and recommendation for management is more 
than reasonably significant and is especially important given that ≤ 50% of the 
population have an estimated descent capability of ≤ 20 storeys. 
8.4.7 STAIR – Design Parameters from Focus Group Consensus 
As a result of the Focus Group suggestions, triangulation in Section 7.6 and 
Table 7-13 the modifications suggested are: 
Stair comfort to create confidence or decrease descent risk 
? 300mm goings corroborated by the mean shoe sizes determined of 
between 280-300mm and their association with occupant concern in 
the survey.   
? Stair pitch being in the preferred zone of between 230 – 320  
? Uniformity with construction tolerances as specified of 5mm 
maximum. 
? If some variance is to be accepted then two handrails should be 
provided within reach as evidenced by the need in Appendix A7.5. 
? Number of turns kept to a maximum of two per level. The well void 
should be such as to avoid the user being distracted by views of lower 
levels. 
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? Stairwell should be properly maintained by management so as to be 
free from obstructions, irregularities and surfaces that have a PTV less 
than 36. 
? Levels should be clearly marked and doors provided with viewing 
ports. 
? Nosings should not promote injury. 
? Nosings should be clearly marked in contrasting colour (contrast 
sensitivity >0.3) 
(Ref. also Roys, 2006; Alderson et al, 2010; Templer, 1992; Pauls et al, 2007)  
Visibility and support: 
? Resting space every five floors as detailed in Chapter 6 or provide 
wider stair between 1200-1500mm between walls which would not 
only cater for counterflow and overtaking but would also provide 
resting space. This requirement is also confirmed by the number 
instances of overtaking in M5 and M6 that alleviated frustrations of 
some with slow movers. Additional space would address needs of 
occupants who became anxious during descent because of a fast 
descent speed. (Ref. Pauls et al, 2007 and MacLennan 2011).  
? Handrails should be continually graspable (32-45mm diameter) and be 
of a contrasting colour. 
? Vertical and horizontal surfaces should contrast in colour so as to 
increase the legibility of the steps. 
? Doors should be recessed and sighted so that flows are not 
diametrically opposed; this allows for smoother merging. 
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?  Illumination should clearly define the steps for each full flight without 
creating glare or shadows. This aspect must be maintained as made 
very clear in the Exploratory Case Study. 
? Conditions must be adequate so as to avoid heat building up and lack 
of air. Mechanical ventilation is vital and must be maintained 
especially to operate in evacuation mode (M2 survey results and 
observations confirm this especially with the evidence of two falls). 
8.4.8 Other than stairs? 
 Kinsey and Galea (2010) show how people will respond to the use of 
lifts. The author conducted a similar lift survey as part of the Exploratory Case 
Study and 2008-2010 Case Study on Buildings M1 and M6. The author also 
conducted another case study using an evacuation chair rated for 200Kg. The 
only correlational relationship in the M1 and M6 Lift survey showed that waiting 
time was moderately significant with anticipation of smoke spreading into the 
lobby. 
 It is interesting to note that with the results from the NY Times Blog 
Content Analysis in Chapter 6 concerning aggressive or “impatient” group 
behaviour supported by overtaking behaviour observed on the M3-M6 Stair 
Descent Charts in Chapter 7 and Appendix A7. The latter show that occupants 
could quite well decide to use the stairs when the protected lift lobby becomes 
too crowded or the waiting time too long. This is exactly the same response 
recorded by Kinsey and Galea (2010)252. The findings from the author’s 
evacuation chair study which according to the WTC9/11 Content Analysis in 
Chapter 6 and Zmud (2007) is inclusive show that a group with adequate training 
can achieve a safe descent speed of 0.5m/s which would have compared 
favourably with a similar study carried by Adams and Galea (2011) and those 
speeds in M1-M6 described in Chapter 7.. 
                                                 
252 See also Appendix A8 for further details.  
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 In addition to the evacuation chair study the author conducted a further 
simulation study253 where he showed that up to 30% of an office population in 
2030 may not be able to safely negotiate stairs that were less than 1000mm wide 
and had no resting areas on the landings. This 30% were diverted to safe 
evacuation lifts where the waiting time was minimal and the remainder of the 
population used the stairs (uncontrolled evacuation). A mean descent speed of 
0.6m/s was achieved, the risk of falling mitigated and the overall duration of the 
evacuation shortened.  
8.5 Contribution to the Body of Knowledge 
 The “knowledge gap” was identified in Chapters 1 and 2. This gap has 
been filled by the delivery of the PhD Case Study aim and Objective O4254. 
Otherwise there needs to be clear “evidence” that a contribution has been made. 
A contribution to knowledge can comprise: 
• Models – framework for reviewing the literature and collecting 
and analysing data. 
• Research methodology – e.g. creative use of existing 
analytical tools for triangulation. 
• Establishing new FACTS within a context hitherto not 
“explained” in the literature. 
 The use of a “model” (framework) based on RCA (Portwood and Riesing, 
2007) to interrogate a vast field of stair descent research, establish the context of 
descent performance in association with Delphi, Directed Content Analysis and 
Focus Group techniques and then to use the same results to gather and analyse 
the performance in practice i.e. trial evacuations is an innovative and original 
contribution to knowledge. Factor analysis was used to reduce data on Stairs 
                                                 
253 MacLennan et al (2008) in a case study on assisted evacuation carried out using the 
ELEVATE model where elevators were designed to evacuate 30% of the building population. 
The case study was presented at an international elevator conference in Thessaloniki in Greece in 
2008. 
254 Illustrated in Section 8.4 via the satisfaction of the Aim and Objectives of the PhD Case 
Study. 
 508
gathered from survey respondents and measured in the buildings the respondents 
evacuated. The Principal Components of “Descent Risk and Visibility and 
Support” were found to be similar as shown in Chapter 7. This is an example of a 
contribution to knowledge in triangulation (research methodology).  The main 
examples of FACT from section 8.4 are that increased distance traversed, group 
members obstructing others’ view of stairs and hurrying can increase the risk of 
falling255 . Further examples of FACT are the determination of the decrease in 
descent capability over the last 30 years via longitudinal case study and the 
demonstration of the impact of density on fatigue (explaining studies of Galea et 
al, 2011 and Pauls, Fruin and Zupan, 2007). 
8.6 Study Limitations 
8.6.1 Scope of Study 
 The scope and size of this study is similar to that of Peacock et al (2009) 
but the backing resources were not. Radio frequency identification systems could 
have been used to locate occupants on the stairs and their associated time of 
descent at strategic levels. The associated price would have been some £25,000 
as compared with the cost of 34 miniature video cameras with time stamp, extra 
time manually abstracting times and other extras amounting to some £12,300. 
The accuracy of the descent times could be challenged as could the distances 
traversed but the author had used video cameras in his 1980 research project 
analysed in the Exploratory Case Study. It is still necessary to treat the camera 
solutions as a limitation but it has distinct advantages especially in terms of 
recording human behaviour. Observers with Dictaphones were triangulated with 
camera images and times as described in Chapter 4 to increase reliability.   
 The video equipment system was far too labour intensive to install and 
the impact of adverse conditions such as was the case with M2 was not 
                                                 
255 Confirmed via triangulation between explanatory and trial evacuation studies. 
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anticipated. Observer resources were scarce outside Australasia and extra 
training was required. The extent of observations on M2 and M3 were affected. 
 The constraints imposed by the building owners/ managers reduced the 
response rate in some instances to 10% and affected the distribution of 
respondents within some of the buildings256. Many of the building managers 
were extremely sensitive about their strategies and systems so that the author was 
restricted in gathering data for the Management and Maintenance core 
consistency. 
 The range in building height did not resemble the sample that was 
analysed in the Exploratory Case Study as the highest in the 2008-2010 Case 
Study was only 36 storeys as compared with 45 storeys. Examples were not 
available from the United States through contacts made in San Francisco due to 
the risk-averse stance of many of the office building owners. Success here may 
have resulted in the availability of buildings of increased height. 
 The M2 systems failed on the day of the evacuation so that many of 
tenants were unable or refused to take part. This affected 30% of the observers 
who were unable to access the stairs. Triangulation data from this building was 
compromised due to the lost video data. The Owner did not agree to a repeat of 
the exercise and the author failed to secure any additional sites. Observer sound 
files were available and overall times were available. 80% of the observers still 
descended. 
 The overall scope of the PhD Study using the Case Study method257 
involving the inclusion of focus groups and the content analysis of sources not 
analysed in the literature before added a breadth to the PhD Study so that a 
decision could have been made to reduce the number of buildings in the 2008-
2010 Case Study and applying more effort in increasing the number of responses. 
                                                 
256 Details of the distribution of the survey respondents in M1-M6 may be found in Appendix 
A7.6 
257 Yin (2009) 
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8.6.2 Methodology 
 Case study methodology was selected as justified in Chapter 3. A process 
was set up so that changes could be made during the Delphi Group consensus 
sessions and the conduct of the trial evacuations and focus groups. The survey 
instruments therefore evolved using a PDSA258 process step. Although this type 
of research design is considered to have its advantages259 it resulted in data 
coding problems to make the data from each cycle comparable. It also affected 
the length of the questionnaire for M5 and M6 when it was expanded to include 
the Short Form IPAQ260. The rate of response was also affected. 
 The methodology itself resulted in more detailed analysis than that 
required for other methods seeing a feature of Case Study or Pluralist research 
methods is triangulation. Each building was required to be analysed separately to 
establish whether or not patterns could be established. Establishing causal and 
correlational relationships that were significant changed with the extent of data 
aggregation which is seen as compromising generalisation. The latter is seen as 
being an advantage when compared to findings derived elsewhere in the 
evacuation literature. The limitation was addressed in part by aggregation 
according to the fitness evaluation tools used.  
 The relationships most affected by aggregation were fatigue/ fitness / 
descent risk and estimated descent ability. These differences are highlighted in 
Chapter 7. The author believes that the further analysis of the highly significant 
relationships between “too many flights”, fatigue and the health condition was an 
adequate control for the variable “too many flights” when regressing it against 
the distance actually traversed (R2=0.79 and p<.05).  
                                                 
258 Plan-Do-Study-Act Cycle (Institute for Innovation and Planning, 2011) 
259 Flyvbjerg (2006). 
260 International Physical Activity Questionnaire (Sjostrom et al, 2005) 
 511
8.6.3 Construct Reliability 
 Many of the causal relationships established from the 2008-2010 Case 
Study are weak and in certain instances only moderately significant. They were 
further investigated through triangulation analysis and explained. Focus group 
consensus was also used with results being filtered prior to triangulation261. 
Longitudinal checking with Buildings 3 and 7 from the Exploratory Case Study 
was also carried out. Factor Analysis outcomes also improved the quality of 
triangulation262.  
8.6.4 Representative sampling 
 The makeup of the samples from each of the 2008-2010 Case Study 
Buildings may have been compromised by the low response rate. The 
distribution of responses was therefore tested for each building using the 
weighted mean evacuation level. Using pattern matching263 the distribution 
followed the same pattern as the building height so that those variables relating 
to distance were based on representative data. 
 The impact of the low response rate on the sample makeup may have 
contributed to the methodological dichotomy highlighted in Chapter 7 
concerning the aggregation of data. Aggregating M1-M4 into one dataset and 
M5-M6 into the other is based on sample size and also survey instrument type. 
8.6.5 Assumed outcomes? 
 It could be argued that the procedure used to establish the risk of falling 
in Chapter 7.6 and Appendix A7.6 for each building is based on an assumed 
                                                 
261 See Chapter 7. 
262 Measured and Survey datasets for stairs was reduced to two principal components for each. 
The resultant variables of descent risk and visibility/support corresponded which is a significant 
finding in itself. See Chapter 7.  
263 Hak and Dul (2009). 
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relationship264 of the impact of an “uncomfortable” descent speed. There is a 
converse conclusion which is that occupants who were obese with two other 
functional limitations had no problems with the “uncomfortable” descent speed 
and this could have caused some of the weak and moderately significant causal 
relationships with estimated descent capability. The author’s basis for the risk 
measure is assembled from: 
? Galea et al (2008) and Spearpoint and MacLennan (2012) conclude that 
density (including delays caused by merging and the width of stairs that 
discourages overtaking) may mask fatigue due to decreases in speed  and 
increased stoppages allowing for people to rest. 
? The parallel Focus Group Studies where the BMI Benchmark Group 
descent speeds were well in excess of the Fuller Figure and Mature Age 
Focus Group speeds. This matched the studies summarised by Spearpoint 
and MacLennan (2012) where walking speed can be directly linked to 
functional limitations. 
? Fuller Figure and Mature Age Focus Group consensus concerning the 
increase in their fear of falling when they felt obliged to keep up with the 
group. 
? Mademli et al (2008) and Kang and Dingwell (2008) mention how 
increased walking speed associated with other conditions can increase the 
risk of falling.  
? The degree of significance in the causal relationship between the 
responses of “too many flights” from the survey with the distance 
actually descended. 
8.6.6 Methods of Analysis 
 Only bivariate regression analysis appears to have employed in the 
attempt to establish causal relationships between variables. This is not the case as 
                                                 
264 Shields et al (2009) where they showed that the amount of self designated functional 
limitations an occupant possessed had no impact on their estimated descent capability. 
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multiple or multivariate logistic analysis was employed but found to be 
inappropriate in many cases because of the mix of data types. Bivariate 
regression and linear and logistic regression was found to be more suitable based 
on the Ishikawa Chart Model of Root Cause Analysis. This was also supported 
by the triangulation process described in Chapter 4 and applied in Chapters 5-7. 
8.6.7 Interpretation 
 Interpretation based on quantitative analysis would show that the aim had 
only been partly satisfied because of the strength and significance of the 
relationship. The challenge for the overall PhD Study was that it was a real world 
study and not experimentally based. The study was associated with the “Built 
Environment” where findings could vary for any amount of reasons from 
building to building. Amaratunga et al (2002) suggest that a mixed method 
approach would be more suitable. This was similar to the case study approach 
justified in Chapter 3 where the interpretation needs to be based on a holistic 
analysis and where the “unit of analysis” is clearly known. A main feature of the 
case study or mixed method of analysis is triangulation because; 
 
“Triangulation has proved to be an effective tool for reviewing and 
corroborating findings in the survey, assessments and appraisals…..”   
(pp.13, Hales, D., (2010) An Introduction to Triangulation, UNAIDS Monitoring and Evaluation 
Series.)   
 
 Triangulation establishes a pattern between self reported and observed or 
measured data. All patterns established this way can be used to further explain 
and support the quantitative outcome and in certain instances where the finding 
can be generalised across the building specific datasets the findings could be seen 
to be more important. This is a distinct advantage. 
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8.7 Further Research and the Future 
8.7.1 Further Research 
 Case Study driven trial evacuation research should be replicated so that 
the generalisations can be further confirmed. A comparative review of studies 
utilising different methodologies should be carried out and the reliability of 
results compared. This study could be repeated combining the following: 
 
? RFID and video technology so as to spatially locate occupants in the 
stairs and also identify their questionnaires. Also the associated automatic 
statistical analysis software 
? The assembly of a group of stakeholders who would assist with the 
sourcing of participant buildings. 
? The assembly of an increased number of focus groups with same 
structure as this study. 
 
 The development of a benchmark evacuation strategy and testing protocol 
using an action based research method and comparison with other trial 
evacuations from the overall study 
8.7.2 The Future 
 The trends will most likely continue according to the Chicago based 
Council on Tall Buildings and Urban Habitat265so that there will be buildings up 
to a mile high (1600m) by 2025. Evacuation planning will be a challenge and yet 
this PhD Study shows that the procedure needs to be kept simple. Assisted 
evacuation will be by lifts (Bukowski, 2010). Kinsey et al (2010) have 
researched this aspect and have conceded that there will still be a need for stairs. 
Elevator driven evacuation will therefore be sequential and complex. Based on 
                                                 
265 Tim Johnson in the Houston Chronicle, Tuesday 25th September 2012. 
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the findings of this PhD Study and taking into account the findings of Kinsey et 
al (2010) the stair use will therefore reflect lower densities and faster speeds. The 
risk of falling will also increase. The health and safety aspect of evacuation 
planning will increase the need for an inclusive approach to ensure worker 
commitment (Gwynne, 2008). 
 The RCA framework (Portwood and Reising, 2007) developed in this 
PhD Study has facilitated the classification of the context of individual descent 
capability on multi flight stairs along with the associated critical factors. These 
factors can be generalised (Yin, 2009) so that this framework can be used as 
structured planning tool266 for assessing likely stair descent problems for 
employees with any combination of intrinsic characteristics as suggested in 
Section 8.4. It can also be used more globally as a design tool for use in 
enhancing the stairs and emergency systems with simple cost effective solutions 
e.g. sustainable refuge planning such as those noted in Chapter 7. Where the 
office building is similar to M6 the entire 2008-2010 method could be used with 
the only Explanatory Study being the use of specially selected focus groups 
drawn from the workers267. The time horizon would be annually with each year 
being a PDSA Cycle. This would promote continuous improvement of the 
evacuation plan and stair use in line with other health and safety practices268.and 
is sustainable.  
 
 
 
 
 
                                                 
266 Similar to the framework and process developed by Matheson (2003). 
267 Similar to the PAR method used by Gershon et al (2007). 
268 Massey et al, (2007) How Health and Safety makes good business sense, Department of 
Labour, NZ. 
 516
Chapter 9: References 
Adams, A.P.M., and Galea, E.R., (2010), An Experimental Evaluation of Movement 
Devices used to assist People with Reduced Mobility in High Rise Building Evacuations, 
in Proceedings of Pedestrian Evacuation Dynamics, National Institute of Standards and 
Technology, Maryland, US. 
 
ADA, (2002), Accessibility Guidelines for Buildings and Facilities, 2002 Amendments, 
Americans with Disabilities Act, US Architectural and Transportation Barriers 
Compliance Board. 
 
Aguirre, B.F., Torres, M.R., Gill, K.B., and Hotchkiss, H.L., (2011), Normative 
Collective Behavior in the Station Building Fire, Social Science Quarterly, Vol. 92, No. 
1. 
 
Al-Abdulwahab,S., (1999) The effects of aging on muscle strength and functional ability 
of healthy Saudi Arabian Males, Annals of Saudi Medicine, Vol.19, No.3, pp. 211-215. 
 
Alberta Employment and Immigration, (2007), Mature Workers in Alberta and British 
Columbia: Understanding the Issues and Opportunities, Government of Alberta. 
 
Alderson, A., (2010), Stairs, ramps and escalators; Inclusive design guidance, Centre 
for Accessible Environments, RIBA Publishing. 
 
Amaratunga, D., Baldry, D., Sarshar, M., and Newton, R., (2002), Quantitative and 
qualitative research in the built environment: application of mixed research approach, 
Work Study, Vol. 51, No. 1, pp. 17-31, MCB University Press. 
 
Anand, V., Buckley, J.G., Scully, A., and Elliott, D.B., (2003) Postural Stability in the 
Elderly during Sensory Perturbations and Dual Tasking: The Influence of the Refractive 
Blur, Investigative Ophthalmology and Visual Science, Vol.44, No.7, pp. 2885-2891. 
 
Anderson Dale O., 2001, Hazard Analysis in Engineering Design, Louisiana State 
University. 
 
Annells M., 1997, Grounded Theory Method, Part 1: Within the five moments of 
qualitative research. Nursing Inquiry, Vol. 4, pp 120-129. 
 
Anzanello, M.J., and Fogliatto, F.S., (2011), Learning curve models and applications: 
Literature review and research directions, International Journal of Industrial 
Ergonomics, doi:10.1016/j.ergon.2011.05.001.  
 
APTA (Board of Directors, American Physical Therapy Association), (2009), 
Guidelines: Occupational Health Physical Therapy: Evaluating Functional Capacity, 
American Physical Therapy Association, BOD 10-08-01-01. 
 
 517
Archea, J., Collins, B., and Stahl, F., (1979) Guidelines for Stair Safety, NBS 
Building Science Series, National Bureau of Standards (now National In statute 
of Standards and Technology), Washington D.C. 
 
Aris, G., (2008), Buildings cleared as tremors hit UAE, The National, accessible at: 
http://www.thenational.ae/news/uae-news/buildings-cleared-as-tremors-hit-uae  
 
Arup, (2003), The HSBC Headquarters, Canary Wharf, London, Vol. 2, the Arup 
Journal, pp. 11-19. 
 
Asano M., Miller, W.C. and Eng, J. J., (2007), Development and Psychometric 
Properties of the Ambulant Self Confidence Questionnaire, Gerontology, Vol. 53, pp. 
373-381. 
 
Asia Pacific Cohort Studies Collaboration, (2004), Body mass index and cardiovascular 
in the Asia Pacific Region: An overview of 33 cohorts involving 310,000 participants, 
International Journal of Epidemiology, Vol. 33, No. 4, pp. 751-758, 
doi:10.1093/ijd/djh/63. 
  
ATL, (2011), Health and Safety Legislation, Guidance Notes relating to Evacuation, 
accessible at: http://atl.org.uk/health-and-safety/legal-framework/health-and-safety 
legislation.asp.   
 
Australian Building Codes Board (ABCB), (2011), Building Code of Australia, Edition 
2011. 
 
Australian Building Codes Board (ABCB), (2011a), Building Australia’s Future 2011, 
Opening Address, Deputy Commissioner, Australian Human Rights Commission. 
  
Australian Building Codes Board (ABCB), 2005, International Fire Engineering 
Guidelines, Edition 2005, Australian Building Codes Board, Canberra. 
 
Australian Building Codes Board (ABCB), (2010), Proposal to revise the Building Code 
of Australia to reduce the risk of slips, trips and falls in buildings, Consultation 
Regulation Impact Statement (RIS 2010-04), Canberra, Australia. 
 
Australian Government, (2010), Job Access, An Australian Government Initiative, 
accessible at: 
http://jobaccess.gov.au/Employers/Before_you_start/Frequently_Asked_Questions/... 
.  
Australian Government, (2011), Disability Discrimination Act (Amendments to 2011), 
Act No. 135 accessible at http://www.comlaw.gov.au/Series/C2004A04426  
 
Australian Human Rights Commission, (2008), Mature Workers: Employers Guide to 
Age Discrimination, also available on www.hreoc.gov.au/matureworkers/3 
employers.html. 
 
 518
Australian Human Rights Commission, (2011), Guideline on the Application of the 
Premises Standards, AHRC. 
 
Australian Institute of Health and Welfare, (2003), Physical Activity in Australia; 
Population Health Monitoring and Surveillance: Question Development Background 
Paper. 
 
Averill, J.D., Mileti,D., Peacock,R.D., Kuligowski,E.D., Groner,N.E., Proulx,G., 
Reneke,P.A., and Nelson,H.E., (2005), Federal Investigation of the Evacuation of the 
World Trade Centre on September 11, 2001, in eds., Waldau,N., Gattermann, P., 
Knoflacher,H., and Schrekenberg,M., Pedestrian Evacuation and Dynamics, 3rd. 
International Conference Proceedings, Proceedings, 28 – 30, 2005, Springer Verlag, 
New York, pp. 1-12. 
 
Ayis, S., Ebrahim, S., Williams, S., Juni, P., and Dieppe, P., (2007), Determinants of 
Reduced Walking Speed in People with Musculoskeletal Pain, Journal of 
Rhuematology, Vol.34.pp. 1905-1910. 
 
Badland, H.M., (2003), Physical Activity in a Sample of New Zealand Professional 
Employees, Dissertation submitted in partial fulfilment of Master of Health Science, 
Auckland University of Technology. 
 
Baker, D.E., (2002), Noise: The Invisible Hazard, Dept. of Agricultural Engineering, 
University of Missouri-Columbia, Publication No. GO1962. 
 
Bakken, G.M., Cohen, H.H., Abele, J.R., Hyde, A.S., and LaRue, C.A., (eds.), (2002), 
Slips, Trips, Missteps and Their Consequences, Chapter 19, Lawyers and Judges 
Publishing Company. 
 
Barkin, T.S., (2003), International Studies Review, Vol.5, No.3, pp. 325-342  
 
Battino, A., (2006), Risk Analysis trough Ishikawa Diagrams, IFW, IPROMS. 
 
Bauby, C.E., and Kuo, A.D., (2000), Active control of lateral balance in human walking, 
Journal of Biomechanics, Vol. 33, pp. 1433-1440. 
 
Bauman, A., Bull, F., Chey, T., Craig, C.L., Ainsworth, B.E., Sallis, J.F., Bowles, H.R., 
Hagstromer, M., Sjostrom, M., Pratt, M., and the IPS Group, (2009), The International 
Prevalence Study on Physical Activity: results from 20 countries, International Journal 
of Nutrition and Physical Activity, Vol. 6, No. 21, pp. 1-11. 
 
Beck, R.J., (1977), Health Impacts of the Use, Evaluation and Designs in Office 
Buildings, Health and Welfare Canada, Health Programs Branch, Health Consultants 
Directorate, Health Facilities Design. 
 
Bee,P., (2011), How a desk job damages your body: After scientists reveal office 
workers are more prone to bowel cancer, the full impact of sitting down all day, Mail 
 519
Online, accessible at: http://www.dailymail.co.uk/health/article-1379050/Office-
workers-prone-bowel-cancer . 
 
Behre, C.J., Bergstrom, G., and Schmidt, (2011), Increasing Leisure Time Physical 
Activity is Associated With Less Prevalence of the Metabolic Syndrome in Health 
Middle Aged Men, Angiology, Vol. 62, No.6, pp. 509-512.  
 
Bensilum, M. and Purser, D. A., (2002), Gridflow: an object-oriented building 
evacuation model combining pre-movement and movement behaviours for performance-
based design. In 7th International Symposium on Fire Safety Science Worcester, MA: 
Worcester Polytechnic Institute. 
Bergland, A., Sylliaas, H., Jarnio, G.B., and Wyller, T.B., (2008), Health Balance 
and Walking as Correlates of Climbing Steps, Journal of Aging and Physical 
Activity, Vol. 16, pp.41-51. 
Bertrais, S., Beyeme-Ondoua, J.P., Czernichow, S., Galan, P., Herchberg, S., and 
Oppert, J.M., (2005), Sedentary behaviours, physical activity, and metabolic syndrome 
in middle-aged French subjects, Obesity Research, Vol. 13, No. 5, pp. 936-944. 
 
Blaikie, N., (2003), Analysing Quantitative Data: From Description to Explanation, 
Sage Publications. 
 
Blair, A.J., (2010), The Effect of Stair Width on Occupant Speed and Flow of High Rise 
Buildings, Dissertation for Master of Science, University of Maryland, Department of 
Fire Protection Engineering. 
 
Bohannon, R.W., (1997), Comfortable and maximum walking speeds of adults aged 20-
79 years: reference values and determinants, Age and Ageing, Vol.26, pp.15-19. 
 
Booth, F.W., Chakravarthy, M.V., Gordon, S.E., and Spangenburg, E.E., (2002), 
Waging war on physical inactivity: using modern molecular ammunition against an 
ancient enemy, Journal of Applied Physiology, Vol. 93, pp. 3-30. 
 
Boyce, K.E., Purser, D.A. and Shields, T.J., (2011), Experimental studies to investigate 
merging behaviour in a staircase, Fire and Materials, Wiley on line library, DOI: 
10.1002/fam.1091. 
  
Boyce, K.E., Purser, D., and Shields, T.J., (2009), “Experimental Studies to investigate 
merging behaviour in a staircase” , Proceedings of the 4th International Human 
Behaviour in Fire Symposium, Robinson College, Cambridge, UK, 13-15 July, 2009, 
Interscience Communications (London), ISBN 978-0-9556548-3-1 pp. 111-122. 
 
Boyce K.E, Shields T.J. and Silcock G.W.H, (1999), “Toward the Characterization of 
Building Occupancies for Fire Safety Engineering: Prevalence, Type and Mobility of 
Disabled People”, Fire Technology, 35, No.1. pp, 35-50. 
 
 520
Bray, G.A., (2004), Medical Consequences of Obesity, The Journal of Clinical 
Endocrinology and Metabolism, Vol.89, No.6, pp.2583-2589.  
  
Bredenkamp, J.K., (2009), Vertigo, Vestibular Balance Disorders, available at: 
http://www.medicinenet.com/vertigo/article.htm . 
 
Brener, N.D., Billy, J.D., and Grady, W.R., (2003), Assessment of Factors 
Affecting the Validity of Self Reported Health-Risk Behavior Among 
Adolescents: Evidence From the Scientific Literature, Journal of Adolescent 
Health, Vol. 33, pp. 436-457. 
 
British Standards Institution (BSI), (2010), Stairs, Part 1: Code of practice for the 
design of stairs with straight flights and winders, BS 5395-1:2010, British Standards 
Publication. 
 
British Standards Institution, (2009), Design of Buildings and their approaches to meet 
the needs of disabled people – Code of practice, BS 8300:2009 +A1:2010, British 
Standards Publication. 
 
Browning, R.C., and Kram, R., (2007), Effects of Obesity on the Biomechanics of 
Walking at Different Speeds, Journal of Medical Science and Sports Exercise, Vol. 39, 
No. 9, American College of Sports Medicine, pp. 1632-1641. 
 
Buchanan and Partners, (2008), The economic impact of high density development and 
tall buildings in central business districts, Report for the British Property Foundation. 
 
Buckley, J.G., and Elliott, D.B., (2006), Ophthalmic Interventions to Help Prevent Falls, 
Geriatrics and Aging, Vol. 9, No. 4, pp. 276, 278-280. 
 
Buckley, J.G., Heasley, K., Twigg, P., and Elliott, D.B., (2005), The effects of blurred 
vision on the mechanics of landing during stepping down by the elderly, Gait and 
Posture, Vol. 21, pp. 65-71. 
 
Buckley, J.G., Heasley, K., Scally, A., and Elliott, D.B., (2005a), The effects of blurring 
vision on medio-lateral balance during stepping up or down to a new level in the elderly, 
Gait and Posture, Vol. 22, pp. 146-153. 
 
Bukowski, R.W. (2010), Addressing the Needs of People Using Elevators for 
Emergency Evacuation, Fire Technology, Springer Science, DOI: 10.1007/s10694-010-
0180-y. 
 
Bukowski, R.W., (2009), Emergency Egress from Buildings; Part 1: History and 
Current Regulations for Egress Systems Design and Part 2: New Thinking on Egress 
From Buildings, National Institute of Standards and Technology, NIST Technical Note 
1623. 
 
 521
Bukowski, R.W., (2005), Protected Elevators for Egress and Access During Fires In 
Tall Buildings, NIST SP 1032, National Institute of Standards and Technology, 
Gaithersburg, MD. 
 
Butler, A.A., Menant, J.C., Tiedemann, A.C., and Lord, S.R., (2009), Age and gender 
differences in seven tests of functional mobility, Journal of Neuro-Engineering and 
Rehabilitation, Vol. 6, No. 31, article available on line: 
http://www.jneuroengrehab.com/contents/6/1/3  
 
Caffarella R., (2002), Planning Programs for Adult Learners: A Practical Guide for 
Educators, Trainers and Staff Developers, San Francisco, Jossey Bass. 
 
Castle C. (2007), Guidelines for Assessing Pedestrian Evacuation Software, Working 
Paper Series, Paper 115, University College London. 
 
Center on an Aging Society, (2003), Obesity Among Older Americans, Center on an 
Aging Society, Georgetown University, Data Profile No. 10, July 2003. 
 
Centre for Health Advancement, (2008) NSW Healthy Workers Initiative, Discussion 
Paper, NSW Health. 
 
Cesari P., Formenti F., and Olivato P., (2007), A common perceptual parameter for stair 
climbing for children, young and old adults, Human Movement Science, 22, pp. 111-124. 
 
Chan, D. (2009). So why ask me? Are self report data really that bad? In Charles E. 
Lance and Robert J. Vandenberg (Eds.), Statistical and methodological myths and urban 
legends: Doctrine, verity and fable in the organizational and social sciences, New York, 
NY: Routledge, pp.309-335 
 
Child, D., (2006), The Essentials of Factor Analysis, 3rd Edition, Continuum. 
 
Christenses, K., and Sasaki, Y., (2008), Agent-Based Evacuation Simulation with 
Individuals with Disabilities in the Population, Journal of the Artificial Societies and 
Social Simulation, Vol. 13, No. 39, accessible at: http://jass.soc.surrey.ac.uk/11/3/9.html.  
 
Clemson, L., Cumming, R.G., Kendig, H., Swann, M., Heard, R., and Taylor, K., 
(2004), JAGS, Vol. 52, pp. 1487-1494. 
 
Cohen, J., LaRue, C.A., and Cohen, H.H., (2009), Stairway Falls: An ergonomics 
analysis of 80 cases, Professional Safety, January, 2009, pp. 27-32. 
 
Coley, B., Najafi, B., Paraschiv-Ionescu, A., and  Aminian, K., (2005), Stair climbing 
detection using a miniature gyroscope, Gait and Posture, Vol, 22, pp. 287-294. 
 
Coombes, A., (2007), Talking about your generation: Workers’ age-based differences 
can bring tensions and companies take note, Market Watch, 14 September, 2007, also 
available on www.marketwatch.com/news/story/cultural-cage-match.... pp.1-3.  
 
 522
Corbeil, P., Simoneau, M., Rancourt, D., Tremblay, A., and Teasdale, N., (2001), 
Increased Risk for Falling Associated with Obesity: Mathematical Modelling of Postural 
Control, IEEE Transactions on Neural Systems and Rehabilitation Engineering, Vol.9, 
No.2, pp. 126-136. 
 
Costigan, P.A., Deluzio, K.J. and Wyss, U.P., (2002), Knee and hip kinetics during 
normal stair climbing, Gait and Posture, Vol.16, No.1, pp.31-37. 
 
Cowie, D., Braddick, O., and Atkinson, J., (2008), Visual control of action in step 
descent, Exp Brain Res, Vol. 186, pp.343-348, Springer. 
 
Craig, C.L., Marshall, A.L., Sjostrom, M., Bauman, A.E., Booth, M.L., Ainsworth, B.E., 
Pratt, M., Ekelund, U., Yngve, A., Sallis, J.F., and Oja, P., (2003), International Physical 
Activity Questionnaire: 12- Country Reliability and Validity, Medicine and Science in 
Sports and Exercise, DOI:10.1249/01.MSS.0000078924.61453.FB, pp.1381-1395.  
 
Cresswell, J.W., (1994), Combined qualitative and quantitative designs research design: 
qualitative and quantitative approaches, Sage Publications Ltd., Thousand Oaks, CA. 
 
Crotty M., (1998), The Foundation of Social Research: Meaning and Perspectives in the 
Research Process, London, Sage. 
 
Crowd Dynamics, (2007), “Graphic Levels of Service”, accessible at: 
http://www.crowdynamics.com . 
 
Cunningham and Associates, (2008), Review of key characteristics that determine the 
efficacy of OHS instruments, NOHSAC, Technical Report 9, Wellington NZ. 
  
Dalkey, N.C., (1969), The Delphi Method; An Experimental Study of Group Opinion, 
Report for US Air Force Project rand, Rand, CA90406. 
 
Das, H., (1983), Qualitative research in organisational behaviour, Journal of 
Management Studies, Vol. 20, No. 3, pp. 346-358. 
 
Department for Communities and Local Government, (2007), Fire safety risk 
assessment; Means of Escape for Disabled People, Disability Rights Commission. 
 
Department for Communities and Local Government, (2007a), Personal Emergency 
Evacuation Plans, Fire Risk Assessment Supplementary Guide, Disability Rights 
Commission.  
 
Department of Building and Housing (DBH), (2006), Clause D1, Access Routes, Second 
Edition, Compliance Document for the New Zealand Building Code, Wellington, NZ. 
 
Department of Internal Affairs, (2008), Fire safety and evacuation of buildings 
regulations 2006, 2008 Reprint, Wellington NZ. 
 
 523
Department of Labor, (2009), Occupational Safety and Health Act 1970 and 
implementation standard (from the general industry category), 29 CFR 1910.38, 
accessible at: http://www.dol.gov/compliance/guide/osha.htm. 
  
Dick, R., 2005, Grounded theory; a thumbnail sketch, available at:  http:// 
www.scu.edu.au/schools/gcm/ar/arp/grounded/html.   
 
Dieter G. F., (2000), Engineering Design, McGraw Hill New York, 3rd Edition. 
 
Ding, C., Cicuttini, F., Scott, F., Cooley, H., and Jones, G., (2005), Knee structural 
alteration and BMI: a cross sectional study, Obesity Research, Vol.13, No. 2, pp. 350-
361. 
 
Disability Rights Commission, (2007), Disability Briefing, Disability Rights 
Commission, May, 2007. 
 
Dingwell, J.R., Gu, R.H., and Marin, L.C., (2007), The effects of sensory loss and 
walking speed on the orbital dynamic stability of human walking, Journal of 
Biomechanics, Vol. 40, pp.1723-1730. 
 
Dixon, S., (2003), Implications of population ageing for the labour market, Labour 
Market Trends, February, 2003, Office for National Statistics, pp. 67-76. 
 
Doumus, M., and Krampe, R.T., (2010), Adaptation and Reintegration of Proprioceptive 
Information in Young and Older Adults Postural Control, Journal of Neurophysiology, 
Vol. 104, No.4, pp. 1969-1977. 
 
Drury, J., Reicher, S., Schofield, D. and Langston, P., (2007), Effects of social identity 
on responses to emergency mass evacuation, ESRC Research Report, RES-000-23-
0446, Swindon, UK. 
 
Dutta, C., (1997), Significance of Sarcopenia in the Elderly Journal of Nutrition, Vol. 
127, pp. 992S-993S. 
 
Dwyer, J., and Flynn, K., (2004), 102 Minutes; The Untold Story of the Fight to Survive 
Inside the Twin Towers, Times Books.  
 
EMA, (2005), Evacuation Planning, Manual 11, Australian Emergency Manual Series, 
Australian Government. 
 
Employment Alberta Canada, (2010), Alberta Labour Force Profiles: Aged 45 and 
Older, Government of Alberta, pp.1-18.  
 
Employment Alberta Canada, (2008), Mature Workers in Alberta and British Columbia: 
Understanding the Issues and Opportunities, A Discussion Document, Governments of 
Alberta and British Columbia, also available on www.employment.alberta,ca. 
 
 524
Eves, F.E., Webb, O.J., and Mutrie, N., (2008), A Workplace Intervention to Promote 
Stair Climbing: Greater Effects in the Overweight, Obesity, Vol. 14, No.12, pp.2210-
2216. 
 
Eves, F.E., and Webb, O.J., (2006), Worksite interventions to increase stair climbing: 
reasons for caution, Preventive Medicine, Vol. 43, pp. 4-7. 
 
Ewing, R., Schmid, T., Killingsworth, R., Ziot, A., and Raudenbush, S., (2003), 
Relationship between urban sprawl and physical activity, obesity, and morbidity, 
American Journal of Health Promotion, Vol. 18, No. 1, pp. 47-57. 
 
Fahy R.F., (1997), High Rise Evacuation Modelling; Data and Applications, 
Proceedings of the 13th Meeting of the UJNR panel on Fire Research and Safety, March 
13-20, 1996, NISTIR 6030, National Institute of Standards and Technology, 
Gaithersburg, MA, pp. 35-42. 
 
Fahy R.F. and Proulx G, (2001), Towards creating a database on delay times to start 
evacuation and walking speeds for use in evacuation modelling, National Research 
Council Canada, NRCC 44758, NRC-CNRC.  
 
Fahy, R.F., and Proulx, G., (2005), Analysis of Published Accounts of the World Trade 
Center Evacuation, Federal Building and Fire Safety Investigation of the World Trade 
Center Disaster, Report NIST NCSTAR1-7A. 
 
Fang, Z-M, Song, W-G., Li, Z-J, Tian, W., Lv,W., Ma, J., and Xiao, X., (2011), 
Experimental study on evacuation process in a stairwell of a high rise building, Building 
Environment, Vol. XXX, pp. 1-6, doi:10.1016/j.buildingenv.2011.08.009. 
 
Finnis K.K. and Walton D., (2007), “Field Observations of factors influencing 
pedestrian walking speeds”, in 2nd International Conference Proceedings on 
Sustainability Engineering and Science, Auckland, February 2007, Paper 19, pp. 1-13. 
 
Fishbain,D.A., Abdel-Moty,E., and Cutler,R., (1994) Measuring residual functional 
capacity in chronic low back pain patients based on the Dictionary of Occupational 
Titles, Spine, Vol.19, pp. 872-880, [Web of Science][ Medline]. 
 
Fjelstad,C., Fjelstad,A.S., Acree,L.S., Nickel,K.J. and Gardner,A.W., (2008), The 
influence of obesity on falls and the quality of life, Dynamic Medicine,, Bio Med., Vol.7, 
No.4, available re open access on line at http://www.dynamic-med.com/content/7/1/4. 
 
Flyvbjerg, B., (2006), Five Misunderstandings About Case-Study Research, Qualitative 
Inquiry, Vol. 12, No.2, pp. 219-245. 
 
Ford, E.S., Kohl, H.W. 3rd, Mokdad, A.H., and Ajani, U.A., (2005), Sedentary 
behaviour, physical activity, and the metabolic syndrome among U.S. adults, Obesity 
Research, Vol.13, No. 3, pp. 608-14. 
 
 525
Forhan, M., (2009), An analysis of disability models and the application of the ICF to 
obesity, Disability and Rehabilitation, Vol. 31, No. 16, pp. 1382 – 1388. 
 
Francis, R. L. and Saunders, P. B., (1979), EVACNET: Prototype Network Optimization 
Models for Building Evacuation, (Rep. No. NBSIR 79-1593). National Bureau of 
Standards (now National Institute of Standards and Technology). 
 
Fritz, S., (2009), White Paper: “Walking Speed: the Sixth Vital Sign”, Journal of 
Geriatric Physical Therapy, Vol.32, No.2, pp. 2- 5. 
 
Fruin John J, (1987), Pedestrian Planning and Design, Revised Edition, Elevator World 
Inc., Mobile, Alabama. 
 
Fruin John J, (2008), Private Communication. 
 
Fujiyama, T., and Tyler, N., (2010), Predicting the walking speed of pedestrians on 
stairs, Transportation Planning and Technology, Vol. 33, No. 2, pp.177 – 202. 
 
Fujiyama, T., and Tyler, N.A. (2009), Bidirectional collision-avoidance behaviour of 
pedestrians on stairs Environment and Planning, Vol. 36, No.1,  pp. 128-148. 
 
Fujiyama, T. and Tyler N, (2005), Pedestrian Speeds on Stairs; An Initial Step for a 
Simulation Model, Working Paper, University College of London. 
 
Fujiyama, T., (2005), Investigating Use of Space of Pedestrians, Working Paper, Centre 
for Transport Studies, University College London. 
 
Fujiyama, T., and Tyler, N., (2004). An explicit study on walking speeds of pedestrians 
on stairs, in the  Proceedings of the 10th International Conference on Mobility and 
Transport for Elderly and Disabled People (TRANSED 2004), Hamamatu, 
Japan, Japanese Society of Civil Engineers/Transportation Research Board, USA, 643-
652. 
 
Gal, D.L., Santos, A., and Barros, H., (2005), Leisure-time versus full-day energy 
expenditure; a cross sectional study of sedentarism in a Portugese urban population, 
Research Article, BMC Public Health, Vol. 5 No. 16, doi: 10.1186/1471-2458/5/16 
accessible at: http://www.biomedcentral.com/1471-2458/5/16. 
  
Galea, E. and Gwynne, S. (2005). Principles and Practices of Evacuation Modeling. 
London, UK, CMS Press. 
 
Galea, E.R., Hulse,L., Day,R., Siddiqui, A., Sharp,G., Shields,J., Boyce,K., 
Summerfield,L., Canter,D., Marselle,M., and Greenall,P., (2008), The UK WTC9/11 
Evacuation Study: An Overview of the Methodologies Employed and Some Preliminary 
Analysis, in the Proceedings of the 4th Pedestrian and Dynamics (PED) Conference, 
February, 2008, University of Wuppertal, Germany. 
 
 526
Galea, E.R., Sharp, G., Lawrence, P.J., and Holden, R., (2008a), Approximating the 
Evacuation of the World Trade Centre, North Tower, Journal of Fire Protection 
Engineering, Vol. 18, pp. 85-115. DOI: 10.1177/1042391507079343. 
 
Galea, E.R., Hulse, L., Day, R., Siddiqui, A., and Sharp, G., (2011), The UK WTC 9/11 
evacuation study: An overview of findings derived from first hand interview data and 
computer modeling, Fire and Materials, published online in Wiley online Library 
(wileyonlinelibrary.com) DOI: 10.1002/fam.1070.   
 
Geraghty,E.M., and Boone,J., (2003), Determination of Height, Weight, Body Mass 
Index and Body Surface Area with a single CT Scan Image, Radiology, September 2003, 
pp.857-863. 
 
Gershon, R.R.M., (2009), The World Trade Center Evacuation Study: Factors 
Associated With Evacuation Time and Injury, in Proceedings of Human Behaviour in 
Fire, 4th International Symposium, Robinson College, Cambridge, UK, pp. 15-26.    
 
Gershon, R.R.M., Rubin, M.S., Qureshi, K.A., Canton, A.N., and Matzner, F.J., (2008), 
Participatory Action Research Methodology in Disaster Research: Results from the 
World Trade Center Evacuation Study, Disaster Medicine and Public Health 
Preparedness, Vol.2, No.3, pp. 142-149.  
 
Gershon, R.R.M., Qureshi, K.A., Barocas, B., Pearson, J., and Dopson, A., (2008a), 
Worksite emergency preparedness: lessons from the World Trade Evacuation Study, in 
eds. Burke, R.J., and Cooper, C.L., International Terrorism and Threats to Security, 
Chapter 11, pp. 232-266.  
 
Gershon, R.R.M., Qureshi, K.A., Rubin, M.S., and Raveis, V.H., (2007), Factors 
Associated with High Rise Evacuation: Qualitative Results from the World Trade Centre 
Evacuation Study, Prehospital and Disaster Medicine, Vol. 22, No.3, pp.165-173. 
 
Gillings, J., (2010), Special Needs Population; Emergency Management of Bariatric 
Patients, National Association of County and City Health Officials, www.naccho.org  
 
Government of Alberta, (2010), Alberta Labour Force Profiles; Aged 45 and Older 
2010, pp.1-18.  
 
Government of South Australia, (2006), South Australia’s mature age population, 
Workforce Information Service. 
 
Graefe, A., and Armstrong, J.S., (2011), Comparing Face-to-Face Meetings, Nominal 
Groups, Delphi and Prediction Markets on an Estimation Task, International Journal of 
Forecasting, Vol. 27, No. 1, pp. 183-195. 
 
Graham, J.E., Ostir, G.V., Fisher, S.R., and Ottenbacher, K.J., (2008), Assessing 
walking speed in clinical research: a systematic review, Journal of Eval. Clinical 
Practice, Vol.14, No.4, pp.552-562. 
 
 527
Gray, D.E., 2004, Doing Research in the Real World, London, Sage. 
 
Groner N.E. and Levin B.M., 1992, “Human Factors Considerations in the Potential for 
Using Elevators in Building Emergency Evacuation Plans”, National Institute of 
Standards and Technology, NIST-GCR-92-615, Gaithersburg.  
 
Gwynne, S.M.V., (2008), Helping People on Their Own Terms: Developing Inclusive 
Emergency Procedures, Fire Technology, Vol.44, pp.439-461. 
 
Gwynne, S.M.V., (2010), Conventions in the Collection and Use of Human Performance 
Data, NIST GCR 10-928, National Institute of Standards and Technology. 
 
Gwynne, S.M.V., and Kuligowski, E.D., (2009), Simulating a Building as a People 
Movement System, Journal of Fire Sciences, Vol. 27, DOI: 
10.1177/0734904109102387. 
        
Gwynne, S., Galea, E.R., Owen, M., Lawrence, P.J., & Filippidis, L. (1999). A review of 
the methodologies used in the computer simulation of evacuation from the built 
environment, Building and Environment, Vol.34, pp.741-749. 
 
Hak, A., and Dul, J., (2009), Pattern matching, ERIM report series “Research in 
Management”, available at: http://hdl.handle.net1765/16203. 
 
Hales, D., (2010) An Introduction to Triangulation, UNAIDS Monitoring and 
Evaluation Series.  
   
Hamel, K.A., Okita, N., Bus, S.A. and Cavanagh, P.R., (2005), A comparison of 
foot/ground interaction during stair negotiation and level walking in young and older 
women, Ergonomics, Taylor and Francis, Vol. 48, No. 8, pp. 1047-1056. 
 
Harwood, R.H., and Conroy, S.P., (2007), Slow Walking Speed in elderly people: Is 
associated with vascular mortality, but may also predict future frailty, Editorial, British 
Medical Journal, Vol. 339, pp. 1153-1154, doi:101136/bmj/b4320.  
 
Hayes, E., (2009), Human Behaviour Considerations in the Use of Lifts for Evacuation 
from High Rise Commercial Buildings, Dissertation, Master of Engineering in Fire 
Engineering, Department of Civil Engineering. 
 
He, X.Z., and Baker, D.W., (2004),  Body Mass Index, Physical Activity, and the Risk 
of Decline in Overall Health and Physical Functioning in Late Middle Age, American 
Journal of Public Health, Vol. 94, No.9, pp.1567-1573. 
 
Health and Safety Executive, (2006), Health and safety training; what you need to know. 
HSE Leaflet INDG345. 
 
Heasley, K., Buckley, J.G., Scally, A., Twigg, P., and D.B., Elliott, (2004), Stepping Up 
to a New Level: Effects of Blurring Vision in the Elderly, Investigative Ophthalmology 
and Visual Science, Vol., 45, No.7, pp.2122-2128. 
 528
 
Heiidkamp, M., and Van Horn, C.E., (2008), Older and Out of Work: Trends in Older 
Worker Displacement, The Sloan Center on Aging and Work at Boston College, Issue 
Brief 16, pp. 1-8. 
 
Helbostad, J.L., Sturnieks, D.L., Menant, J., Dalbeare, K., Lord, S.R., and Pijnappels 
(2010), Consequences of lower extremity and trunk muscle fatigue on balance and 
functional tasks in older people: A systematic literature review, BMC Geriatrics, Vol. 10 
No.56, http://www.biomedicscentral.com/1471-2318/10/56.  
 
Henein, C.M., and White, T., (2008), The microscopic model and the panicking ball 
bearing, in eds. Klingsch, Rogsch, Schadsschneider, and Schreckenberg, Pedestrian and 
Evacuation Dynamics, pp. 569-576, DOI:10.1007/978-3-642-04504-2_51. 
   
Herdman, S.J., (1997), Advances in the treatment of vestibular disorders, Physical 
Therapy, Vol. 77, pp. 602-618. 
 
Heuer, C.A., McClure, K.J., and Puhl, R.M., (2011), Obesity Stigma in Online News: A 
Visual Content Analysis, Journal of Health Communications, Published on line: PMID: 
21541876, pp.1-12. 
 
Hignett, S., Chipchase S., Tetley, A., and Griffiths P., (2007), Risk assessment and 
process planning for bariatric patient handling pathways, Research Report 573, Health 
and Safety Executive.  
 
Hinton, P.R., Brownlow, C., McMurray, I., and Cozens, B., (2005), SPSS Explained, 
Routledge. 
 
Holloszy, J.O., Tseng, B.S., Marsh, D.R., Hamilton, M.T. and Booth, F.W., (1995), 
Strength and Aerobic Training Attenuate Muscle wasting and Improve Resistance to 
Development of Disability with Aging, Journals of Gerontology, Series A, Vol. 50A, 
Special Issue, pp. 113-119. 
 
Horak, F.B., (2006), Postural orientation and equilibrium: what do we need to know 
about neural control of balance to prevent falls, Age and Ageing, Vol. 35, Supplementary 
Issue, 2, pp. ii7-ii11. 
 
Hostikka, S., Korhonen, T., Paloposki, T., Rinne, T., Matikainen, K., and Heliovaara, S., 
(2007), Development and validation of FDS+Evac for evacuation simulations, VTT 
Research Note 2421. 
 
House, E.R., and Howe, K.R., (1999), Values in evaluation and social research, Sage 
Publications. 
 
Hsieh, H-F., and Shannon, S.E., (2005), Three Approaches to Qualitative Content 
Analysis, Qualitative Health Research, Vol. 15, No. 9, pp. 1277-1288. 
 
 529
Hsu, C.C., and Sandford, B.A., (2007), The Delphi Technique: Making Sense of 
Consensus, Practical Assessment, Research and Evaluation, Vol. 12, No. 10, ISSN 
1531-7714. 
 
Hu, F.B., Sigal, R.J., Rich-Edwards, J.W., Colditz, G.A., Solomon, C.G., Willett, W.C., 
Speizer, F.E., and Manson, J.E., (1999), Walking Compared with Vigorous Physical 
Activity and Risk of Type 2 Diabetes in Women, JAMA, Vol. 282, No.13, pp.1433-
1439. 
 
Hue, O., Simoneau, M., Marcotte, J., Berrigan, F., Dore, J., Marceau, P., Marceau, S., 
Tremblay, A., and Teasdale, N., (2007), Body weight is a predictor of postural stability, 
Gait and Posture, Vol.26, pp.32-38. 
 
Hulens, M., Vansant,G., Claessens,A.L., Lysens,R., and Muls,E., (2003), Predictors of 
6-minute walk test results in lean, obese and morbidly obese women, Scandinavian 
Journal of Medicine and Science in Sports, Vol.13, pp. 98-105. 
 
Hwang, H-S, Choi, J., Jeon, G., and Hong, W., (2010), Evacuation Characteristics and 
Dynamics of a High-rise Building: Part 3. Pursuit of Evacuees’ Moving Distributions 
for Calculating the Valid Staircase-length, School of Architecture, Kyungpook 
University, South Korea. 
 
Institute for Innovation and Improvement, (2011), Quality and Service Improvement 
Tools; Plan, Do, Study, Act, National Health Service (NHS), accessible at: 
http://www.instutue.nhs.uk/quality_and_service_improvement_tools_/quality_and_servi
ce 23/08/2011. 
 
International Code Council, (2006), International Fire Code (also International Building 
Code) 2006. 269 
 
Isaacson, J., Allander, E., and Brostrom, (1988), 17 Year Follow-up of Symptoms and 
Signs in the Knee Joint in Rhuematoid Arthritis, Scandanavian Journal of 
Rhuematology, Vol. 17, No. 5, pp. 325-331. 
 
Ishikawa, K., (1982), Guide to Quality Control, Asian Productivity Organisation. 
 
Janecki, D., Jarocka, E., Jaskolska, A., Marusiak, J., and Jaskolska, A., (2011), Muscle 
passive stiffness increases less after the second bout of eccentric exercise compared to 
the first bout, Journal of Science and Medicine in Sport, Vol. 14, pp. 338-343. 
 
Janssen, I., Heymsfield, S.B., Ross, R., (2002), Low Relative Skeletal Muscle Mass 
(Sarcopenia) in Older Persons Is Associated with Functional Impairment and Physical 
Disability, Journal of the American Geriatrics Society,  Vol.50, pp.889-896. 
 
                                                 
269 Note that the International Building Code and International Fire Code 2012 has just been 
issued. There were changes to Means of Egress but not so much as to alter the intent. 
 530
Jia, H., and Lubetkin, E.I., (2005), The impact of obesity on health related quality of life 
in the general adult US population, Journal of Public Health, Vol.27, No. 2, pp. 156-
164. 
 
Johnson, D.A., and Pauls J.L., (2011), Systemic Stair Step Geometry Defects, Increasing 
Injuries and Public Health Plus Regulatory Responses, in Proceedings of International 
Conference on Stair Use and Safety, Toronto, Canada. 
 
Jones, J.K., and Hewitt, J.A., (1985), Leadership and Group Formation in High-Rise 
Building Evacuations, National Research Council Canada, NRCC 25924. 
 
Kady, R., and Davis, J., (2008), The effect of occupant characteristics                                                                         
on crawling speed in evacuation, Fire Safety Journal, Vol.44, pp.451-457. 
 
Kang, H.G., and Dingwell, J.B., (2009), Effects of walking speed, strength and range of 
motion on gait stability in healthy old adults, Journal of Biomechanics, Vol.41, pp.2899-
2905. 
 
Karason, K., Peitonen, M., Lindroos, A.K., Sjostrom, L., Lonn, L., and Torgerson, J.S., 
(2005), Effort-related calf pain in the obese and long term changes after surgical obesity 
treatment, Obesity Research, Vol. 13, No. 1, pp. 137-145. 
 
Karnath, H.O., Ferber, S., and Dichgans, J., (2000), The neural representation of postural 
control in humans, PNAS, Vol. 97, No. 25, pp.13931-13936. 
 
Kendik, E., (1995), Methods of Design for Means of Egress: Towards a Quantitative 
Comparison of National Code Requirements. In Fire Safety Science, Proceedings of the 
1st International Symposium, pp. 497-511. 
 
Kennedy, R. A., Boreham, C. A. G., Murphy, M. H., Young, I., & Mutrie, N. (2007). 
Evaluating the effects of a low volume stair climbing programme on measures of health-
related fitness in sedentary office workers. Journal of Sports Science and Medicine, Vol. 
6, pp. 448-454.  
 
Kerber, K.A., Meurer, W.J., West, B.T., and Fendrick, A.M., (2008), Dizziness 
Presentations to US Emergency Departments, 1995-2004, Academic Emergency 
Medicine, Vol. 18, No.8, pp. 744-750. 
 
Kim, C.M., and Eng, J.J., (2003), The relationship of lower-extremity muscle torque to 
locomotor performance in people with stroke, Physical Therapy, Vol. 83, No. 1, pp 49-
57. 
 
Kimura, T., Kobayashi, H., Nakayama, E., and Hanaoka, M., (2007), Effects of aging on 
gait patterns in the healthy elderly, Anthropological Science, Vol. 115, No.1, pp. 67-72. 
 
Kingsley, K., (2008), Utilising Large Truck Crash Causation Data to Assess 
Countermeasure Effectiveness, Presentation to SAE Government/ Industry Meeting,  
 531
National Highway Traffic Safety Administration, US Department of Transportation, 
Slide 5. 
 
Kinsey, M.J.,  Galea, E.R., and Lawrence, P.J., (2010), in Proceedings of Pedestrian 
Evacuation Dynamics, National Institute of Standards and Technology, Maryland, USA, 
March 8-10, 2010. 
 
Klabunde, R.E., (2007), Exertional Dyspnoea, Accessible at: 
http://www.cphysiological.com/Heart%20Failure/HF001.htm. 
  
Kline, P., (2008), An Easy Guide to Factor Analysis, Routledge, 2008 Reprint. 
 
Knowles, E.S., Kreuser, B., Haas, S., Hyde, M., and Schchart, G.E., (1976), Group Size 
and Extension of Social Space Boundaries, Journal of Personality and Social 
Psychology, Vol. 33, No. 5, pp. 647-654. 
 
Ko, S.Y., and Spearpoint, M., (2003), Comparison of Evacuation Times Using Simulex 
and EvacuatioNZ, Based on Trial Evacuations, Fire Engineering Research Report 03/09, 
University of Canterbury, New Zealand. 
 
Kopelman, P.G., (2000), Obesity as a medical problem, Nature, Vol. 6404, No. 6778, 
pp. 635-643. 
 
Kossen, C., and Wilkinson, R., (2010), “Gold Collar” Workers: Golden or Impoverished 
Futures, International Journal of Organisational Behaviour, Vol.10, No.2, ISSN 1440-
5377, pp. 698-712. 
 
Kossen, C., (2003), Rethinking the Value of Older Workers: A Resource Growing in 
Importance, University of Southern Queensland, Australia. 
 
Krueger R., and Casey M.A., (2000), Focus Groups; A Practical Guide for Applied 
Research, (3rd Edition), Thousand Oaks, California, Sage. 
 
Kuligowski E.D., and Peacock R.D., (2005), Review of Building Evacuation Models, 
National Institute of Standards and Technology, Technical Note 1471, 153 pages, July 
2005. 
 
Kuligowski, E.D., and Hoskins, B.L., (2010), Occupant Behavior in a High-rise Office 
Building Fire, National Institute of Standards and Technology, NIST Technical Note 
1664. 
 
Kuligowski, E., (2003), Elevators for occupant evacuation and Fire Department access 
in Proceedings of the CIB-CTBUH International Conference on Tall Buildings, 
Malaysia. 
 
Kurtze, N., Rangul, V., and Hustvedt, B.E., (2008), Reliability and validity of the 
international physical activity questionnaire in the Nord-Trondelag health study (HUNT) 
population of men, BMC Medical Research Methodology, Vol. 8, No. 63, pp. 1-9. 
 532
 
Kuzel, M., Heller, M., Gray, R., Di Jorio, S., and Straughn, S., (2008), Perception and 
cognition during walking while currently using a cellular phone, in eds. Bust, P.D., 
Contemporary Ergonomics, The Ergonomics Society (now known as IEHF), 2008, 
pp.663-668. 
 
Lackner, J.R., and DiZio, P.A., (2000), Aspects of body self calibration, Review, 
1364.6613/00/$, Elsevier Science, pp. 279-288. 
 
Lahli-Koski M., (2001), “Body Mass Index and Obesity Among Adults in Finland; 
Trends and Determinants”, Academic Dissertation in Publication A12/2001, National 
Public Health Institute, Helsinki, Finland, pp 56-80. 
 
Land Transport NZ/ Opus Consultants, (2004), Pedestrian Network Planning and 
Facility Design Guide, Land Transport New Zealand. 
 
Larsson E.U. and Mattsson E., (2001), “Functional limitations linked to high body mass 
index, age and current pain in obese women” International Journal of Obesity, Vol. 25, 
pp. 893-899. 
 
Larson K., Grudens-Schuck N., and Allen, B.L., (2004), Can You Call It a Focus Group; 
Methodology Brief, University Extension, Iowa State University, PM1969a. 
  
Lauretani,F., Russo,C.R., Bandinelli,S., Bartali,B., Cavazzini,C., DiIori,A., Corsi,A.M., 
Rantanen,T., Guralnik,J.M., and Ferrucci,L., (2003) Age-associated changes in skeletal 
muscles and their effect on mobility; an operational diagnosis of sarcopenia, Journal of 
Applied Physiology, Vol.75, pp.1851-1860. 
 
Leake G.R., May A.D. and Parry T., (1991), An ergonomic study of pedestrian areas for 
disabled people, Institute of Transport Studies, University of Leeds, Transport and Road 
Research Laboratory, Department for Transport. 
 
Lee, L., and Shapiro, C.M., (2003), Psychological manifestations of obesity, Journal of 
Psychosomatic Research, Vol. 55, No.5, pp. 477-479. 
 
Lee, R.M., (2000), Unobtrusive measures in social research, Buckingham, Open 
University. 
 
Leveille, S.G., Bean, J., Ngo, L., McMullen, W., and Guralnik, J.M., (2007) The 
pathway from musculoskeletal pain to mobility difficulty in older women, Pain, Vol. 
128, No. 1-2, pp. 69-77. 
 
Liang, K-Y, Zeger, S.L., and Qaqish, B., (1992), Multivariate Regression Analysis for 
Categorical Data, Journal of the Royal Statistical Society, Series B (Methodological), 
Vol. 54, No.1, pp.3-40. 
 
Lindskold, S., Albert, K.P., Barr, R., and Moore, W.C., (1976), Territorial Boundaries of 
Interacting Groups and Passive Audiences, Sociometry, Vol.39, No.1, pp. 71-76. 
 533
 
Linstone H. and Turoff M., (eds.), (2002), The Delphi Method: Techniques and 
Applications, Addison-Wesley, Reading, MA. 
 
Leiper, C.I., and Craik, R.L., (1991), Relationships Between Physical Activity and 
Temporal-Distance Characteristics of Walking in Elderly Women, Physical Therapy, 
Vol.71, No. 11, pp.791-803. 
 
Leonard, R., (2002), Statistics on Vision Impairment: A Resource Manual, Arlene R. 
Gordon Research Institute of Lighthouse International. 
 
Loo-Morrey, M., and Jeffries, S., (2006), Trip Feasibility Study, Report No. 
HSL/2006/77, Health and Safety Laboratory. 
 
Lord,S., Sherrington,C., and Menz,H.B., (2006), Ageing and Falls, in eds. Haslam,R., 
and Stubbs,D., Understanding and Preventing Falls, Taylor and Francis, pp.89-114. 
 
Lord, S., Sherrington, C., Menz, H.B., and Close, J., (2007), Falls in Older People; Risk 
Factors and Strategies for Prevention, Cambridge.  
 
Lumsdaine E. and Lumsdaine, M., (1995), Creative Problem Solving, McGraw-Hill 
New York. 
 
McConnell, N., Boyce, K., Shields, T.J., Galea, E, Day, R. and Hulse, L., (2010) The 
UK 9/11 evacuation study: Analysis of survivors' recognition and response phase in 
WTC1. Fire Safety Journal, 45 (1). pp. 21-34. 
 
MacLennan H.A., Pauls J.L., Juillet E. and Sime J.D. (1980), Unpublished Trial 
Evacuation Case Study Procedures, University of Technology, Sydney, Australia. 
 
MacLennan H.A., (1985), Unpublished SPSS (Version 2) Data Sheets, University of 
Technology, Sydney, Australia. 
 
MacLennan H.A., 1989, Occupant Avoidance, in eds., Beck V., Fire Engineering, 
Warren Centre, University of Sydney, Chapter 7, Volume 2,  
 
MacLennan, H.A., Regan, M.A. and Ware, R., (1999), An Engineering Model for the 
Estimation of Occupant Premovement and/ or Response Times and the Probability of 
their Occurrence, Fire and Materials, Vol. 23, pp. 255-263. 
 
MacLennan H. A., Ormerod M, Sivan A, and Nielsen C., (2008),  Will Current High 
Rise Evacuation Systems Meet User Needs in 2030?, in eds. Lustig A., Elevator 
Technology 17, Proceedings of Elevcon 2008, Thessoniliki, Greece, pp. 257 – 267. 
 
MacLennan H.A., Faruk M., Ormerod M., and Newton R, (2008a) Will Current 
Evacuation Systems be Accessible, Safe and Usable in 2030? in CIB WO70 Conference 
Proceedings on Healthy and Creative Facilities, Heriot Watt University, Edinburgh, June 
2008, pp.149-158. 
 534
 
MacLennan H., Ormerod M., Newton R., Faruk M and Abbas M.Y., (2008b), Time is 
marching on. What really determines the time it takes to get from A to B, in eds. Bust 
Philip D., Contemporary Ergonomics 2008, The Ergonomics Society, pp. 309 - 314.  
 
MacLennan, H.A., (2010), The risk of people associated with the descent of multiple 
flights of stairs – an inclusive perspective, International Stair Safety Workshop, 16th 
April 2010, Health and Safety Laboratories, Buxton, UK. 
 
MacLennan, H.A., (2011), Do we think we are fit enough to survive a high rise building 
evacuation using the stairs, Presentation at the Society of Fire Safety, Sydney, accessible 
at; www.sfs.au.com/library/File/Sydney_SFPE_conference.pdf. 
 
MacLennan, H.A., Ormerod, M., Newton, R., and Faruk, M., (2011a), Are Older People 
Confident Climbing Steps in Outdoor Public Places? , Research Methods, Universal 
Design Seminar Series, FICCDATT, Toronto, Canada, 2011.  
 
MacLennan, H.A., (2011b), Are our feet too big for outdoor steps?, in Proceedings of 
Open Space – People Space, University of Edinburgh, June, 2011. 
 
MacLennan, H.A., and Ormerod, M., (2011). Crowd Use of Stairs, Workshop 
Presentation, International Conference of Stair Use and Safety, FICCDATT, Toronto, 
Canada, 2011. 
 
McGregor, J., and Gray, L., (2001), Mature job-seekers in New Zealand, Massey 
University, Palmerston North, New Zealand, October 2001. 
 
Maddison, R., Mhurchu, C.N., Jiang, Y., Vander Hoorn, S., Rodgers, A., Lawes, 
C.M.M., and Rush, E., (2007), International Physical Activity Questionnaire (IPAQ) and 
New Zealand Physical Activity Questionnaire (NZPAQ): A doubly labelled water 
validation, International Journal of Behavioral Nutrition and Physical Activity, Vol. 4, 
No. 62, pp. 1-9. 
 
Mademli, L., Arampitzis, A., and Karamanidis, K., (2008), Dynamic stability control in 
forward falls; postural corrections after muscle fatigue in young and older adults, 
European Journal of Applied Physiology, Vol. 103, pp. 295-306. 
 
Maki, B.E., and Fernie, G.R., (1983), Biomechanical Assessment of Handrail 
Parameters with Special Consideration to the Needs of the Elderly, NRCC Report.  
 
Maki, B.E., (1997) Gait changes in older adults: predictors of falls or indicators of fear, 
Journal of the American Geriatric Society, Vol.45, pp.313-320. 
 
Maki, B.E., Perry, S.D., and McIlroy, W.E., (1998), Efficacy of handrails in preventing 
stairway falls: A new experimental approach, Safety Science, Vol. 28, pp. 189-206.  
 
Manty, M., de Leon, C.J.M., Rantanen, T., Era, P., Pedersen, A.N., Ekmann, A., Schroll, 
M., and Aurlund, K., (2011), Mobility-Related Fatigue, Walking Speed, and Muscle 
 535
Strength in Older People, Journals of Gerontology Series A: Biological Sciences and 
Medical Sciences, doi:10.1093/Gerona/glr183. 
 
Marigold, D.S., (2006), Negotiating Varying Ground Terrain during Locomotion: 
Insights into the Role of Vision and the Effects of Aging, PhD Dissertation, University 
of Waterloo, Ontario, Canada. 
 
Mars, G.M.J., Kempen, G.I.J.M., Mesters, I., Proot, I.M., and Van Eijk, J.Th.M., (2008), 
Characteristics of social participation as defined by adults with a chronic physical 
illness, Disability and Rehabilitation, Vol.30, No. 17, pp.1298-1308. 
 
Massey, C., Lamm, F., and Perry, M., (2007), How Health and Safety makes good 
Business Sense, Department of Labour, NZ. 
 
Matheson, L. (2003). The functional capacity evaluation. In G. Andersson & S. 
Demeter & G. Smith (Eds.), Disability Evaluation. 2nd Edition. Chicago, IL: Mosby 
Yearbook. 
 
Meacham, B., Lord, J., Moore, A., Proulx, G., Fahy, R., and Notarianni, K., (2004), 
Investigation of uncertainty in egress models and data, National Research Council 
Canada, Report No. NRCC-47308.  
 
Melinek, S.J. and Booth S., (1975), An Analysis of Evacuation Times and the Movement 
of Crowds in Buildings, Building Research Establishment, Fire Research Station, 
Borehamwood, BRE Current Paper CP 96/75 FRS. 
 
Mellion, L.R., and Tovin, M. M., (2002), Grounded Theory: a qualitative research 
methodology for physical therapy, Physical Therapy and Practice, Vol.18, pp. 109-120. 
 
Melov, S., Tarnopolsky, M.A., Beckman, K., Felkey, K., and Hubbard, A., (2007), 
Resistance Exercise Reverses Aging in Human Skeletal Muscle, PLoS One, Vol. 2, 
No.5, e465, doi: 10.1371/journal.pone.0000465.  
 
Melzer, D., Gardener, E., Lang, I., McWilliams, B.,  and Guralnik, J.M., (2006), 
Measured physical performance, in (eds.) Banks, J., Lessof, C., and Nazroo, J., English 
Longitudinal Study of Ageing, Retirement, health and relationships in the older 
population in England: THE 2004 ENGLISH LONGITUDINAL STUDY OF AGEING 
(Wave 2),Institute of Fiscal Studies, Chapter 6, pp. 165-178.  
 
Menant, J.C., Smith, S., and Lord. S.R., (2008), Visual determinants of instability and 
falls in older people, Aging Health, Vol. 4, No.6, pp.643-650. 
 
Menegoni, F., Galli, M., Tacchini, E. Vismara, L., Caviglioni, M., and Capodaglio, P., 
(2009), Gender-specific Effect of Obesity on Balance, Obesity, Vol. 17, No. 8, pp. 1951-
1956. 
 
Messler S.P., (2007), “The Biomechanics of Obesity; Conference Coverage; NAASO - 
The Obesity Society”, Medscape General Medicine, Vol.9, No.3, pp.18. 
 536
 
MFB Community and Safety Advisory Group, (2010), Fire Brigade Intervention Model, 
Guideline No. GL-17, Melbourne Metropolitan Fire Brigade. 
 
Mhurchu, C.N., Bennett, D., Lin, R., Jull, M., and Rodgers, (2004), Obesity and health-
related quality of life; results from a weight loss trial, New Zealand Medical Journal, 
Vol.117, No.1207, ISSN 11758716. 
 
Miles, J., and Shelvin, M., (2009), Applying Regression and Correlation: A Guide for 
Students and Researchers, 2009 Reprinting, Sage Publications. 
 
Miles M., and Huberman M., (1984), Qualitative data analysis: A source book for new 
methods, Thousand Oaks, CA, Sage Publications. 
 
Mitchell, P., Smith, W., Chey, T., and Healy, P.R., (1997), Open angle glaucoma and 
diabetes: The Blue Mountains Eye Study, Australia, Ophthalmology, Vol. 104, No. 4, 
pp. 712-718. 
 
Montgomery, A. and He, Y., (2011) , Reduced Capacity of Paths of Egress – An 
Anthropometric Perspective, in Proceedings of Fire Safety Engineering ’11, Raising the 
Bar, Sydney, Australia, 23-24 March, 2011, Society of Fire Protection Engineers and 
Society of Fire Safety, Institution of Engineers, Australia. 
 
Moody J.S., (2000) “Stairway locomotion in individuals with knee osteoarthritis”, in  
DeVita P., (Ed), East Carolina University, pp 83. 
 
Moussaid, M., Perozo, N., Garnier, S., Helbing, D., and Theraulaz, G., (2010), The 
Walking Behaviour of Pedestrian Social Groups and Its Impact on Crowd Dynamics, 
PLoS one, Vol. 5, No. 4, e10047. 
 
Muller, A., Keeffe,J.E. and Taylor, H.R., (2007), Changes in eye care utilization 
following an eye health promotion campaign, Clinical and Experimental ophthalmology, 
Vol. 35, No. 4, pp. 305-309. 
 
Munshi,M., Grande,L., Hayes,M., Ayres,D., Suhl,E., Capelson,R., Lin,S., Milberg,W., 
and Weinger,K., (2006), Cognitive Dysfunction Is Associated With Poor Diabetes 
Control in Older Adults, Diabetes Care, Vol.29, No.8, pp.1794-1799. 
 
Murphy, K., (1998), A Brief Introduction to Graphical Models and Bayesian Networks, 
available at; http://www.cs.ubc.ca/murphyk/Bayes/bayes.html  
 
Myers, A.M., Powell, L.E., Maki, B.E., Holliday, P.J., Brawley, L.R., and Sherk, W., 
(1996), Psychological indicators of balance confidence: relationship to actual and 
estimated abilities, Journals of Gerontology, Series A, Biological Sciences and Medical 
Science, Vol. 51, No. 1, pp. M37-43. 
 
 537
Nagata, H., (2006) Evaluation of Safety Dimensions of Stairways Based on 
Human Peripheral Vision, Proceedings of the 16th World Congress on 
Ergonomics, Netherlands, pp1-6. 
 
National Institute of Standards and Technology, (2005), “Life Safety(Evacuation, 
Emergency Response, Active Systems)” in Comprehensive presentation in NIST’s World 
Trade Center Investigation, April 5, 2005, WTC Investigation Archives, National 
Institute of Standards and Technology, Gaithersburg. 
 
NCBI, (2012), Panic disorder with agoraphobia, PubMed Health, National Library of 
Medicine, National Institutes of Health, available at: 
http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0001921/?report=printable  
 
Nelson H.E. and MacLennan H.A., (1988), Emergency Movement, (first Ed.) The SFPE 
Handbook on Fire Protection Engineering, NFPA, Quincy. 
 
Nelson H.E. and MacLennan H.A., (1995), Emergency Movement, (second Ed.) The 
SFPE Handbook on Fire Protection Engineering, NFPA, Quincy. 
 
Nelson H.E. and Mowrer F.W., (2002), Emergency Movement, (third Ed.) The SFPE 
Handbook on Fire Protection Engineering, NFPA, Quincy, 367-380. 
 
New Zealand Government, (2011), Fire Service Act 1975, 2011 Reprint, available at: 
http://www.legislation.govt.nz/act/public/1975/0042/latest/DLM432648.html.  
 
NFPA, (2012), Building Construction and Safety Code, 2012 Edition, National Fire 
Protection Association. 
 
NFPA, (2007), Emergency Evacuation Planning Guide for People with Disabilities, 
National Fire Protection Association. 
 
NHS (2008), Quality and Service Improvement Tools; Plan, Do, Study, Act (PDSA), 
Institute for Innovation and Improvement. 
 
Nielsen, N.V., (1983), The prevalence of glaucoma and ocular hypertension in Type 1 
and 2 Diabetes, Acta Opthalmologica, Vol. 51, No.4, pp. 662-672. 
 
NOHSAC (National Occupational Health and Safety Advisory Committee), (2008), 
Review of key characteristics that determine the efficacy of OHS Instruments, NOSHAC 
Technical Report No. 9, Wellington, NZ. 
 
Novak, A.C., and Brouwer, B., (2011), Sagittal and lower limb joint movements during 
stair ascent and descent in young and older adults, Gait and Posture, Vol. 33, pp. 54-60. 
 
NZ Governor General, (2008), Fire Safety and Evacuation of Building Regulations, 
2006, Reprint 2008, Fire Safety Act, NZ, Department of Internal Affairs. 
 
 538
O’Brien, R., (1998), An Overview of the Methodological Approach of Action Research, 
Faculty of Information Studies, University of Toronto. 
 
Occupational Safety and Health Administration (US), (2003), Evacuating High-Rise 
Buildings, OSHA Fact Sheet. 
 
Office of the Deputy Prime Minister, (2000), Fire Safety, Approved Document B, The 
Building Regulations 2000, 2000 Edition. 
 
Office of the Deputy Prime Minister, (2004), Access to and use of buildings, Approved 
Document M, The Building Regulations 2000, 2004 Edition. 
 
Ogden, C.L., Carroll, M.D., Curtin, L.R., McDowell, M.A., Tabak, C.J. and Flegal, 
K.M., (2006), Prevalence of Overweight and Obesity in the United States, 1999-2004, 
Journal of the American Medical Association, Vol. 295, No. 13, pp. 1549-1555. 
 
O'Loughlin, J.L., Robitaille, Y., Boivin J-F., and Suissa, S., (1993)  Incidence of and 
Risk for Falls and Injurious Falls among the Community-dwelling Elderly, American 
Journal of Epidemiology, Vol. 137, No. 3. 
 
Optimal Performance Limited, (2006), Operational Physiological Capabilities of 
Firefighters: Literature Review and Research Recommendations, Fire Research 
Technical Report 1/2006, Office of the Deputy Prime Minister. 
 
Ostchega Y., Dillon G., Prineas R.J., McDowell M. and Carroll M, 2(006), “Tables for 
the selection of correct blood pressure cuff size based on self reported height and weight 
and estimating equations for mid arm circumference: data from the US Health and 
Nutrition Examination Survey”, Journal of Human Hypertension, Vol. 20, pp.15-22. 
 
Ota J., Giuliano E.A., Madsen R.D., Lewis M.R., Cohn L.A. (2008), Killer Stairs? 
Taking the Elevator Could be Worse for Your Body, Journal of the American Medical 
Association, Vol. 299, No.11, 1261-1263.   
 
Ottevacre, C., Huybrechts, I., De Bourdeaudhuij, I., Sjostrom, M., Ruiz, J.R., Ortega, 
F.B., Hagstromer, M., Widhalm, K., Molnar, D., Moreno, L.A., Beghin, L., Kafatos, A.,  
Polito, A., Manios, Y., Martinez-Gomez, D., and De Henauw, S., (2011), Comparison of 
the IPAQ-A and Actigraph in relation to VO2 max among European adolescents: The 
HELENA study, Journal of Science and Medicine in Sport, Vol. 14, pp.317-324. 
 
Oven, V.A. and Cakici, N., (2009), Modelling the evacuation of a high rise building in 
Istanbul, Fire Safety Journal, Vol. 44, pp. 1-15. 
 
Ovseiko, P., (2008), Ageing Workforces, Ageing Horizons Brief, University of Oxford 
for HSBC Insurance. 
 
Ozanne-Smith,J., Guy,J., Kelly,M., and Clapperton,A.,(2008), The Relationship between 
Slips Trips and Falls in the Design and Construction of Buildings, Report No. 281, 
 539
Monash University Accident Research Centre, Funded by Australian Building Codes 
Board. 
 
Parker Pope T., (2008), When Fitness Means Life or Death, NY Times Blog, accessible 
at: http://well.blogs.nytimes.com/2008/01/11/when-fitness-means-life-or-death.  
 
PATTS, (2000), Nervous System: CNS and PNS,                 
available at; http://webschoolsolutions.com/patts/systems/nervous.htm. 
  
Pauls, J.L. (1977), Management and Movement of Building Occupants in Emergencies, 
DBR Paper 788, National Research Council Canada. 
 
Pauls, J.L., (2011), Workshop on Crowd Use of Stairs, International Conference on 
Stairway Use and Safety, Toronto, Canada, July, 2011. 
 
Pauls J.L., (2008), Performance of Means of Egress: Conducting the Research Needed 
to Establish Realistic Expectations, in Performance Based Codes and Fire Safety Design 
Methods, 7th International Conference Proceedings, April 16-18, 2008, Auckland, New 
Zealand, Society of Fire Protection Engineers. 
 
Pauls J.L., (1988), Movement of People, in eds. Di Nenno P.J. Fire Protection 
Engineering Handbook, Society of Fire Protection Engineers, 1st Edition, Quincy, USA. 
Pauls, J.L. (1984), The Movement of People in Buildings and Design Solutions for 
Means of Egress, Fire Technology, Vol.20, No.1, pp. 27- 47. 
 
Pauls, J.L., Fruin, J.J., and Zupan, J.M., (2007), Minimum Stair Width for Evacuation, 
Overtaking Movement and Counterflow, in eds. Waldau, N., Gatterman, P., Knoflacher, 
H., and Schrekenberg, M., Pedestrian Dynamics 2005, Chapter 5, ISBN 
9783540470649. 
 
Pauls, J.L., (2004), Suggestions on evacuation models and research questions, 
Proceedings of the 3rd International Symposium on Human Behaviour in Fire, 
Interscience Communications, London, England, pp. 23-33. 
 
Peacock, R.D., Averill, J.D., and Kuligowski, E.D., (2009), Stairwell Evacuation From 
Buildings: What We Know We Don’t Know, Technical Note NISTTN1624, National 
Institute of Standards and Technology, Gaithersburg MD 
Peacock, R.D., Hoskins, B.L., and Kuligowski, E.D., (2012), Overall and local 
movement speeds during fire drill evacuations in buildings up to 31 stories, Safety 
Science, Vol. 50, No.8, available at:  http://dx.doi.org/10.1016/j.ssci.2012.01.003, 
http://www.sciencedirect.com/science/help/doi.htm 
Peeke, P., (2007), Fit to Live? Rodale.  
 
Peterka, R.J., (2002), Sensorimotor Integration in Human Postural Control, Journal of 
Neurophysiology, Vol. 88, pp. 1097-1118. 
 
 540
Pfeiffer, J., (1968), New look at education, Poughkeepie, New York Odyssey Press. 
 
Pheasant, S., and Haslegreave, C.M., (2006), Bodyspace; Anthropometry, Ergonomics 
and the Design of Work, Taylor and Francis, 3rd Edition. 
 
Pitt-Catsouphes, M., and Smyer, M.A., (2006), How Old Are Today’s Older Workers?, 
The Center on Aging and Work, Workplace Flexibility at Boston College, Issue Brief 
04, February, 2006, also available on: www.BC.EDU/AGINGANDWORK.   
 
Pollack, K. M., Sorock, G. S., Slade, M. D., Cantley, L., Sircar, K., Talwa O., and 
Cullen, M., (2008), Association between Body Mass Index and Traumatic Workplace 
Injury in Hourly Manufacturing Employees, American Journal of Epidemiology, 
Vol.166, pp. 204-211. 
 
Poon. L.S., (1994), Evacsim: A Simulation Model of Occupants with Behavioural 
Attributes in Emergency Evacuation of High Rise Building Fires, Fire Safety Science 4, 
pp. 681-692, doi:10.3801/IAFSS.FSS.4-681.  
 
Portwood, B., and Reising L., (2007), Root Cause Analysis and Quantitative Methods: 
Ying and Yang, in the 25th Conference Proceedings on International Safety Systems, 
Baltimore, 13-17 August, 2007. 
 
Powell, C., (1997), The Delphi technique: myths and realities, Journal of Advanced 
Nursing, 41, 4, Blackwell Publishing, pp. 376-382. 
 
Predtechenskii, V. M. and Milinskii, A. I., (1978), Planning for Foot Traffic in 
Buildings. New Delhi: Amerind Publishing Co. Pvt. Ltd. 
 
Proulx, G., Benichou N., Hum, J.K., and Restivo K.N., (2007), Evaluation of the 
effectiveness of different photoluminescent stairwell installations for the evacuation of 
office building occupants, Report IRC-RR-232, National Research Council Canada, 
Ottawa. 
 
Proulx G., Kaufman A. and Pineau J., 2004, Evacuation Time and Movement in Office 
Buildings, Internal Report No. 711, NRC-CNRC, National Research Council Canada, 
Ottawa. 
 
Proulx, G., Fahy, R.F. and Walker, A., (2004a) Analysis of First Person Accounts from 
Survivors of the World Trade Center Evacuation on September 11, 2001, NRC-CNRC, 
Research Report 178. 
 
Proulx, G., and Reid, I., (2006), Occupant behaviour and evacuation during the Chicago 
Cook County Administration Building fire, Journal of Fire Protection Engineering, 
Sage Publications, Vol. 16, No.4, pp. 283-309.  
 
Puhl, R., and Brownell, K.D., (2001), Bias, discrimination and obesity, Obesity 
Research, Vol. 9, No. 12, pp. 788-805. 
 
 541
Puhl, R.M., and Heuer, C.A., (2009), The Stigma of Obesity: A Review and Update, 
Obesity, Vol. 17, No. 5, pp. 941-964. 
 
Puhl, R., and Latner, J., (2008), Weight Bias: New Science on a Significant Social 
Problem, Obesity, Vol. 16, Supplement 2, pp.S1-S2. 
 
Purser, D., Boyce, K.E., and Shields, T.J., (2009), Implications of modelling and 
experimental studies of evacuation behaviour on stairs for multi storey building design, 
Proceedings of the 4th International Human Behaviour in Fire Symposium, Robinson 
College, Cambridge, UK, 13-15 July, 2009, Interscience Communications (London), 
ISBN 978-0-9556548-3-1 pp. 147-160. 
 
Purser, D., (2010), Dependence of Modelled Evacuation Times on Key Parameters and 
Interactions, in Pedestrian and Evacuation Dynamics 2008, Part 2, pp.667-675.  
 
Rantanen,T., Guralink,J.M., and Foley,D., (1999), Midlife hand grip strength as a 
predictor of old age disability, Journal of the American Medical Association, Vol.281, 
No.6. 
 
Redfern, M.S., Furman, J.M., and Jacob, R.G., (2007), Visually induced postural sway 
in anxiety disorders, Journal of Anxiety Disorders, Vol. 21, No.5, pp. 704-716. 
 
Reeves,N.D., Spanjaard,M., Mohagheghi,A.A., Baltzopoulos,V., and Maganaris,C.N., 
(2008), The demands of stair descent relative to maximum capacities in elderly and 
young adults, Journal of Electromyography and Kinesiology, Vol.18, pp.218-227. 
 
Reeves,N.D., Spanjaard,M., Mohagheghi,A.A., Baltzopoulos,V., and Maganaris,C.N., 
(2008a), Influence of light handrail use on the biomechanics of stair negotiation in old 
age, Gait and Posture, Vol. 28, No.2, pp. 327-336. 
 
Rejeski, W. J., Ettinger Walter H., Schumaker, S., James, P., Burns, R., Elam J. T., 
(1995), Assessing performance-related in patients with knee osteoarthritis, 
Osteoarthritis and Cartilage, 1995, (3), 157-167.   
 
Richardson,J.K., Ashton-Miller, J.A., Lee, S.G., and Jacobs, K., (1999), Moderate 
Peripheral Neuropathy Impairs Weight Transfer and Unipedal Balance in the Elderly, 
Archives of Physical Medicine and Rehabilitation, Vol. 77, pp.1152-1156. 
 
Ridge, A.L., Bero, L.A., and Hill, S.R., (2010), Identifying barriers to the availability 
and use of Magnesium Sulphate Injection in resource poor countries, A case study in 
Zambia, BMC Health Services Research, Vol. 10, doi: 10:340 
http://www.biomedcentral.com/1472-6963/10/340.   
 
Riener, R., Rabuffetti, M., and Frigo, C., (2002), Stair ascent and descent at different 
inclinations, Gait and Posture, Vol. 15, pp. 32-44 
 
 542
Rossman, G.B., and Wilson, B.L., (1985), Numbers and Words; Combining quantitative 
and qualitative methods in a single large scale evaluation study, Evaluation Review, Vol. 
9, No. 5, pp. 627-643. 
 Evaluation Review, 9(5), 627-643. 
Rowland, D., (1991), Population Ageing in Australia, International Institute on Aging 
(United Nations – Malta), ISBN 92-9103-015-5. 
 
Roughton, J.E., and Crutchfield, N., (2008), Job Hazard Analysis; A Guide for 
Voluntary Compliance and Beyond, Butterworth-Heinemann, Elsevier. 
 
Rouphail N., Hummer J., Milazzo J. and Allen P, (1998), Literature Synthesis 
Pedestrians’ Chapter 13 of the Highway Capacity Manual, Federal Highway 
Commission, Washington D.C. 
 
Roys, M., (2006), Steps and Stairs, in (eds.), Haslam, R. and Stubbs, D., Understanding 
and Preventing Falls, Taylor and Francis, pp.51-68. 
 
Safe Work Australia, (2011), Model Work Health and Safety Act, Draft, 23 June 2011, 
Australian Government Statutory Agency, 2009. 
 
Samy, H.M., and Hamid, M.A., (2010), Dizziness, Vertigo and Imbalance, e-
medicine.com, accessible at: http://emedicine.medscape.com/article/1159385  
 
Sartorio, A., Proietti, M., Marinone, P.G., Agosti, F., Adorni, F., and Lafortuna, C.L., 
(2004), Influence of gender, age and BMI on lower limb muscular power output in a 
large population of obese mean and women, International Journal of Obesity, Vol. 98, 
pp. 91-98. 
 
Saunders, M., Lewis, P., and Thornill, A., (2007) Research Methods for Business 
Students, 4th Edition, Harlow, Essex; Pearson Education Limited. 
 
Scheiber, F., (2002), Human Factors and Aging: Identifying and Compensating for Age-
related Deficits in Sensory and Cognitive Function, Department of Psychology, 
University of South Dakota, Final Draft, available on: http://usd.edu/-scheiber 
 
Scott, A., (2005), Falls on Stairways – Literature Review, Report No. HSL/2005/10, 
Health and Safety Laboratory, Harper Hill, Buxton, UK.  
 
Schrager, M.A., Metter, E.J., Simonsick, E., Ble, A., Bandinelli, S., Lauretani, F., and 
Ferrucci, L., (2007), Sarcopenic obesity and inflammation in the InCHIANTI study, 
Journal of Applied Physiology, Vol. 102, No. 3, pp. 919-925. 
 
Scott-Howman, A., and Walls, C., (2003), Workplace Stress in New Zealand, Brookers 
Ltd. 
 
Scottish Government, (2006), Practical Fire Safety Guidance: The Evacuation of 
Disabled Persons from Buildings. 
 
 543
Serrano-Sanchez, J.A., Delgado-Guerra, S., Olmedillas, H., Guadalupe-Grau, A., 
Arteaga-Ortiz, R., Sanchis-Moysi, J., Dorado, C., and Calbet, J.A.L., (2010), Adiposity 
and Age Explain Most of the Association and Fitness in Physically Active Men, PLoS 
One, Vol. 5, No. 10, e13435. 
 
Sharpanskykh A., and Zia, K., (2011), Grouping Behaviour in AmI-Enabled Crowd 
Evacuation, in eds. Novais, P., Ambient Intelligence- Software and Applications, 
AISC92, pp. 233-240. 
 
Shaw, R., (2007), An examination of novel roughness parameters to be used in 
conjunction with the HSE slips assessment tool (SAT), Health and Safety Laboratory, 
for Health and Safety Executive, Research Report RR549. 
 
Shepherd, R.J., (1998), Aging and Exercise, in eds. Fahey, T.D., Internet Society for 
Sport Science: http://sportsci.org. 7 March 1998. 
 
Shields, T.J., Boyce, K.E., and McConnell, N., (2009), The behaviour and evacuation 
experiences of WTC 9/11 evacuees with self designated mobility impairments, Fire 
Safety Journal, Vol. 44, Elsevier, pp. 881-893. 
 
Shultz,K.S., (2001), The New Contingent Workforce: Examining the Bridge 
Employment Options of Mature Workers, International Journal on Organisational 
Theory and Behavior, Vol. 4, Nos. 3&4, pp. 247-258. 
 
Shumway-Cook, A., and Woollacott, M., (2001), Motor Control: Theory and practical 
applications, 2nd Edition, Lippincott, Williams and Wilkins, Baltimore. 
 
Sime J.D., (1980), Private Communication, University of Technology, Sydney. 
 
Sime, J.D., (1985), Designing for people or ball bearings, Design Studies, Vol.6, No.3, 
pp. 163-168. 
 
Simoneau, C.G., Cavanagh, P.R., Ulbrecht, J.S., Leibowitz, H.W., and Tyrell, R.A., 
(1991), The Influence of Visual Factors on Fall-Related Kinematic Variables During 
Stair Descent by Older Women, Journal of Gerontology, MEDICAL SCIENCES, Vol. 
46, No.6, pp. M188-M195. 
 
Sjostrom, M., Ainsworth, B., Bauman, A., Bull F., Craig, C., and Sallis, J., (2005), 
International Physical Activity Questionnaire and Guidelines for Data Processing and 
Analysis of the International Physical Activity Questionnaire (IPAQ) – Short and Long 
Forms, November, 2005, available at: www.ipaq.ki.se     
 
Smith, R.A., (1995), Density, velocity and flow relationships for closely packed crowds, 
Safety Science, Vol.18, pp. 321-327.  
 
Soja,E., Wade, C., Duncan, C., and Clampett, J., (2000), Fire Protection for High Rise 
Buildings, BRANZ. 
 
 544
Southam, K., (2007), Golden age for plus-40’s, Interview with Ian Blair of Prima 
Consulting (Melbourne, Australia), The Weekend Australian, 1 September, 2007, also 
available at www.career.com.au, Employment news. 
 
Spearpoint, M. and MacLennan, H.A., (2012), The effect of an ageing and less fit 
population on the ability of people to egress buildings, Safety Science, Vol. 50, No.8, pp. 
1675-1684.  
 
Spittaels, H., Verloigne, M., Gidlow, C., Gloanec, J., Titze, S., Foster, C., Oppert, J.M., 
Rutter, H., Oja, P., Sjostrom, M., and De Bourdeauhuij, I., (2010), Measuring physical 
activity-related environmental factors; reliability and predictive validity of the European 
environmental questionnaire ALPHA, International Journal of Behavioral Nutrition and 
Physical Activity, Vol. 7, No. 48, http://www.ijbnpa.org/content/7/1/48.   
 
Spiezle, C., Convergence of Technology, Aging and Employability, (2005), Agelight, 
LLC., www.agelight.com. 
 
Spratt,C., Walker, R., and Robinson, B., (2004) Mixed Research Methods, Practitioner 
Research and Evaluation skills Training in Open and Distance Learning, Commonwealth 
of Learning, Module A5. 
 
Standards Australia, (2010), Planning for Emergencies in Facilities, AS 3745-2010. 
 
Standards Australia, (1992), Design for access and mobility; Part 2: Enhanced and 
additional requirements – Buildings and facilities, AS 1428.2 – 1992, Sydney, Australia. 
 
Startzell, J.K., Owens, D.A., Mulfinger, L.M., and Cavanagh, P.R., (2000), Stair 
Negotiation in Older People: A Review, Journal of the American Geriatrics Society, 
Vol.48, No.5, pp.567-580. 
 
Steele, R., and Mummery, K., (2003), Occupational physical activity across 
occupational categories, Journal of Science and Medicine in Sport, Vol. 6, No. 4, pp. 
398-407. 
 
Stel,V.S. Pluijm,S.M.F., Deeg,D.J.F., Smit,J.H., Bouter,L.M. and Lips,P., (2003), A 
Classification Tree for Predicting Recurrent Falling in Community Dwelling Older 
Persons, Journal of the American Geriatrics Society, Vol.51, PP.1356-1364. 
 
Stenholm, S., Harris, T.B., Rantanen, T., Visser, M., Krichevsky, S.B., and Ferrucci, L., 
(2008), Sarcopenic obesity – definition, etiology and consequences, Current Opinions in 
Clinical Nutritional Metabolic Care, Vol. 11, No. 6, pp. 693-700. 
 
Strauss, A., and Corbin, J., (1998), Basics of qualitative research; techniques and 
procedures for developing grounded theory, 2nd ed. Sage Publications, Thousand Oaks, 
CA. 
 
Stucki, A., Borchers, M., Stucki, G., Cleza, A., Amann, E., and Ruof, J., (2006), Content 
comparison of  health status measures for obesity based on international classification of 
 545
functioning, disability and health, International Journal of Obesity, Vol. 30, pp. 1791-
1799. 
 
Studenski, S., and Wolter, L., (2010), Instability and Falls, in Free Medical Textbook, 
Chapter 19, available on: http://medtextfree.wordpress.com/2010/10/01/chapter-19-
instability. 
 
Talbot, L.A., Musiol, R.J., Witham, E.K., and Metter, E.J., (2005), Falls in young, 
middle-aged and older community dwelling adults: estimated cause, environmental 
factors and injury, BMC Public Health, Vol. 5 No. 86, doi:10.1186/1471-2458-5-86. 
 
Teasdale, N., Hue, O., Marcotte, J., Berrigan, F., Simoneau, M., Dore, J., Marceau, P., 
Marceau, S., and Tremblay, A., (2007), Reducing weight increases postural stability in 
obese and morbid obese men, International Journal of Obesity, Vol.31, pp.153-160. 
 
Tellis W., (1997), Introduction to Case Study, The Qualitative Report, Vol. 3 No.2; 
available at:  http://www.nova.edu/ssss/QR/QR3-2/tellis1.html.  
 
Templer, J., (1992), The Staircase; Studies of Hazards, Falls and Safer Design, The MIT 
Press, Cambridge, Massachusetts. 
  
Thompson, P. A., Wu, J., and Marchant, E. W., (1996), Modelling Evacuation in Multi-
storey Buildings with Simulex. Fire Engineering, 56, 7-11. 
 
Tiedemann A., Sherrington C., and Lord S.R., (2007) Physical and Psychological 
Factors Associated With Stair Negotiation Performance in Older People, Journal of 
Gerontology: MEDICAL SCIENCES, Vol.62A, No.11, pp. 1259-1265. 
t 
Tinetti, M.E., Speechley, M., and Ginter, S.F., (1988), Risk Factors for falls among 
elderly persons living in the community, The New England Journal of Medicine, Vol. 
319, No.26, pp. 1701-1707. 
 
Trew, M., (2005), Function of the Lower Limb, in eds., Trew, M., and Everett, A, 
Human Movement, 5th Editions, Elsevier, pp. 185-189. 
 
US Census Bureau, (2007), “International Data Base”, available at: 
http://www.census.gov./ipc/…  
 
Van Beeck E., (2002), The Use of the Delphi Method in Forecasting Accidents in the 
Year 2000, in eds. Adler, M. and Ziglio, E., in eds. Kingsley, J., Gazing into the Oracle: 
The Delphi Method and its Application to Social Policy and Public Health,  London, pp. 
193-212. 
 
Van Bogart, J.W.C., (1995), Letter to the Editor, Scientific American Inc., concerning 
Article entitled “Ensuring the Longevity of Digital Documents”. Scientific American, 
January Edition, 1995, accessible at: http//cool.conservation-us.org/bytopic/electronic-
records/electronic-storage-media/bogart.html. 
 546
 
Van Pelt, R.E., Davy, K.P., Stevenson E.T., Wilson, T.E., Jones P.P., Desouza, D.A., 
and Seals, D.R., (1998), Smaller differences in total and regional adiposity with age in 
women who regularly perform endurance exercise, American Journal of Endocrinal 
Metabolism, Vol. 275, pp. E626-E634.  
 
Vasheghani-Farahani, A., Tahmasabi, M., Asheri, H., Ashraf, H., Nedjat, S., and Kordi, 
R., (2011), The Persian, Last 7-day, Long form of the International Physical Activity 
Questionnaire: Translation and Validity Study, Asian Journal of Sports Medicine, Vol. 
2, No. 2, pp. 102-115. 
 
Verghese, J., Wang, C., Xue, X., and Holtzer, R., (2008), Self-Reported Difficulty in 
Climbing Up or Down Stairs in Nondisabled Elderly, Archives Physical Medicine and 
Rehabilitation, Vol. 89, No.1, pp. 100-104. 
 
Wallace, M., and Wray, A., (2011), Critical Reading and Writing for Postgraduates, 
Sage Study Skills Series, pp. 194-195. 
 
Wang, Y., and Beydoun, M.A., (2007), The Obesity Epidemic in the United States – 
Gender, Age, Racial/Ethnic and Geographic Characteristics: A Systematic Review and 
Meta Regression Analysis, Epidemiological Reviews, Vol. 29, pp. 6-28. 
 
Warr, P., (1994), Age and Employment, in eds. Triandis, H.C., Dunnette, M.D., and 
Hough, L.M., Handbook of Industrial and Organisational Psychology, pp. 485-550. 
 
Wei, M., Kampert, J.B., Barlow, C.E., Nichaman, M.Z., Gibbons, L.W., Paffenbarger, 
R.S., and Blair, S.N., (1999), Relationship Between Low Cardiorespiratory Fitness and 
Mortality in Normal Weight, Overweight and Obese Men, The Journal of the American 
Association, Vol.282, No.16, pp. 1547-1553. 
 
Wei, K., Stevenson, I.H., and Kording, K.R., (2010), The uncertainty associated with 
visual flow fields and their influence on postural sway: Weber’s law suffices to explain 
the nonlinearity of vection, Journal of Vision, Vol. 10 (14), No. 4, pp. 1-10. 
 
Wilhite, T., (2011), Rethinking the High Rise Elevator, Mechanical Engineering, Web 
Magazine American Society of Mechanical Engineers, accessible at: 
http://memagazine.asme.org/web/Rethinking_High_Rise_Elevator.cfm.  
 
Williams-Bell, F.M., (2007), Physiological Demands and Ventilatory Requirements 
During Simulated Large Structure Firefighting Tasks, Dissertation submitted in 
fulfilment of Master of Science in Kinesiology, University of Waterloo, Ontario, 
Canada. 
 
Wineman, J., and Adhya, A., (2007), Enhancing Workspace Performance; Predicting 
the Influence of Spatial and Psychosocial Factors on Job Satisfaction, in Proceedings of 
the 6th International Syntax Symposium, Presentation 066, Istanbul. 
 
 547
Wood, R., Robertson, M., and Wintersgill, D., (2010), A comparative review of 
international approaches to mandatory retirement, Department for Work and Pensions, 
HMSO. 
 
Wood, R., (2004), Developing a Standard Operating Procedure for Firefighting at Multi 
Storey Buildings in the Auckland Region of the New Zealand Fire Service, Executive 
Fire Officer Programme. 
 
World Health Organisation, (WHO), (2011), Visual Impairment and Blindness, Fact 
Sheet No. 282. 
 
World Health Organisation (WHO), 2011, BMI Classification, Global Database on Body 
Mass Index, World Health Organisation, last updated 3/10/2011. 
 
Worthen B.R., Saunders J.R., (1987), Educational evaluation; alternative approach and 
practice, New York Longmans. 
 
Workforce Information Service, (2006), South Australia’s mature age population, 
Department of Further Education, Employment, Science and Technology, Government 
of South Australia, pp.1-7. 
 
Workplace Relations Ministers’ Council, (2006), Comparison of Health and Safety 
Arrangements in Australia and New Zealand, Commonwealth of Australia, 4th Edition, 
September, 2006. 
 
Worksafe Western Australia, (2010), Understanding the safety and health needs of your 
workplace; Older workers and safety, Commission for Occupational Safety and Health, 
Government of Western Australia, Department of Commerce. 
 
Wright, M., and Roys, M., (2008), Accidents on English dwelling stairs are directly 
related to going size, in (eds.) Bust, P.D., Proceedings of the International Conference 
on Contemporary Ergonomics, 1-3 April, 2008, Nottingham, UK.  
 
Wu, B., and Porell, F., (2000), Job Characteristics and Leisure Physical Activity, 
Journal of Aging and Health, Vol. 12, No. 4, pp. 567-588. 
 
Yancey, A.K., Agustin, L., Roberto, T., Kuri-Morales, P., Flores, E.S., Misry, R., and 
McCarthy, W.J., (2008), paru tu Salud: Reduction of Weight and Waistlines by Integral 
Breaks into Workplace Organisational Routine, Preventing Chronic Disease, Vol. 5 
No.1, pp. 1-12. 
 
Yardley, L., (1994), Vertigo and Dizziness, Routledge, “Experience of Illness” Series. 
 
Yardley, L. and Redfern, M.S., (2001), Psychological factors influencing the recovery 
from balance disorders, Anxiety Disorders, Vol. 15, pp. 107-119. 
 
 548
Yardley, L., Papo, D., Bronstein, A., Gresty, M., Gardner, M., Lavie, N. and Luxon, L., 
(2002), Attentional demands of continually monitoring orientation using vestibular 
information, Neuropsychological, Vol. 40, pp. 373-383. 
 
Yeboah, D.A., (2007), Impact of population variables on health services demand in the 
United Arab Emirates, Arab Studies Quarterly, available at; 
http://findarticles.com/p/articles/mi_m2501/is_1_29/ai_n27223614/?tag=content 
  
Yin, R.K., (2009), Case Study Research: Design and Methods, 4th Edition, Applied 
Social Research Methods Series, Sage Publications. 
 
Zettel-Watson, L., and Britton, M., (2008), The impact of obesity on the social 
participation of older adults, Journal of General Psychology, Vol. 135, No. 4, pp. 409-
423. 
 
Zhang, Y., and Wildemuth, B.M., (2009). Qualitative analysis of content. In B. 
Wildemuth (Ed.), Applications of Social Research Methods to Questions in Information 
and Library Science (pp.308-319). Westport, CT: Libraries Unlimited.  
 
Zheng, X., Zhong, T., and Liu, M., (2008), Modelling crowd evacuation of a building 
based on seven methodological approaches, Building and Environment, Vol. 44, 437-
445. 
 
Zmud, M., (2007), Public Perceptions of High Rise Building Safety and Emergency 
Evacuation Procedures Research Project, The Fire Protection Research Foundation, 
NFPA. 
 
